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CHAPTER I I

RESULTS

Experiments described in this chapter were performed
with (1) different parts of plant under different growing
periods and (2) tissues initiated from young leaves of

Evolvulus alsinoides L. This was done with a view to compare

the alkaloid production in intact plant parts and in tissues
derived from young leaves. The results obtained with in vivo

and in vitro studies are presented in different sections.

SECTION - A

"In vivo" studies on alkaloid production in Evolwvulus

alsinoides L.

Bvolvulus alsinoides (Fig. 6) is an annual herbaceous weed,

flowering all the year round except in late summer. The seeds
remain in the soil until the rainy season and immediately after
rains they germinate into new plants. Alkaloid production/
accumulation was examined in different parts of the plants like 3

(a) Root, (b) Stem, (c) Leaves, (d) Flowers, and (e) Seeds.

Root, stem and leaves collected from plants at different
stages of growth were dried in an oven at 60°C and powdered.
Flowers and seeds were also gathered, dried and powdered before

analysis. The plants were assayed at the following stages.






(1) Germinated seedlings (2/3 days old), (2) one week
old seedlings, (3) young vegetative plant (abogt 2 weeks old),
(4) mature plant during flowering and fruiting (4 to 5 weeks
0ld), and (5) seeds.

In a1l of the abpve studies the percentage of alkaloids
was very low, Two clear spots of alkaloids with Rf values of
51.66 and 65 were obtained in TLC preparations. Seeds showed
the presence of maximum quantity of alkaloids compared to other
parts of the plant (Table 3). Young 1eay§s contained very small
amount of alkaloid, whereas immediately after %ermination the
seedlings had a fairly good amount of alkaloids. The older
leaves as well as the stem from vegetative or flowering stage
and flowers did not show the presence of these alkaloids. Roots

too contained comparatively smaller amount of alkaloids.

Activity of Tryptophan Synthetase, a key enzyme in ergot
alkaloid biogenesis as mentioned in Chapter I, was also studied
in germiﬂating'seedlings as well as in the leaves of young
plants. The enzyme activity was detected in seedling Just after
germination, while in seedlings one week old and in the leaves,

the enzyme activity could not be detected.
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Table - 3 "22 vivo" studies on alkaloid production and
Tryptophén synthetase activity in Evolwulus

alsinoides L,

WEE  MmmE MEEm MeEm  gwm  BA e S men M MNE NG (e B WSS SIS  SOUW MmN e MSma  SeNS SN GG Smes  Mehe Gl SR B BRes AW s S S Rae S

Alkaloid (%)/ Tryptophan Synthetase

Material . rypLop yo &
100 mg Dry weight units/mg protein

Seedlings (2-3 days old) 0.0006 2.712

Seedlings (1 week old) 0.0005 -

Leaves (Young vegetative plant) 0.0004 -

(2 weeks old)

Stem .(Young vegetative plant) - -
(2 weeks old)

Root (2 weeks old vegetative 0.0005 -
plant)
Leaves (one month old, : 0.0003 . -

Flowering stage)

Stem (one month old, - -
Flowering stage)

Root (one month old, 0.0004 -
Flowering stage)

Flowers -

Seeds 0.0009 -

-—-——-—-.-—n—-—a-u--—a—nn—-.—--.———-m—--——————————--—-—
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SECTION - B

Initiation and establishment of callus from the

leaves of E. alsinoides.

Callus was initiated in MS medium containing 2% sucrose
and supplemented with 2.0 mg/l, 2,4-D and O.4 mg/l kinetin
(Table 2, Chapter IIL). Fresh young leaves were cut into small
pieces and inoculated in the above medium. Callus development
started after 10 days of inoculation. After 30 days the callus
masses were subcultured to freshly made medium in order to
build up sufficient mass of tissue for further studies (Fig. 7).
Callus pieces weighing 300430 mg by fresh weight were inoculated
into each culture flask containing 40 ml agar medium and
incubated in continuous light at 25+2°C., The callus tissues
were transferred on MS basal medium for about one week, before
inoculation onto an experimental medium, to minimise any carry

over effects.



FIG. 7. Leaf Callus on completely defined medium.



SECTION ~ C

C - 1 : Influence of auxing on growth and alkaloid production
o o ]

in E. alsinoides callus cultures.

The different auxins studied for their effect on growth
and alkaloid production were 2,4-D, NAA, IAA and IBA. Each
auxin was used at the concentrations of 0.5, 2.0 and 5.0 mg/l
in the MS medium in addition to 2% sucrose, to examine their
effect on growth and alkaloid production. The tissue was
harvested for the measurement of growth and estimation of

alkaloid production after 30 days in culture,

Results showing the effect of 2,4-D concentrations are
presented in Table 4 and Fig. 8. Growth as measured by increase
in fresh and dry weights, was found to be highest at 2.0 mg/l
of 2,4-D. At higher level (5.0 mg/1l) of 2,4-D tested, growth
was slightly suppressed. Alkaloid production was found to be
maximum at 2.0 mg/l of 2,4-D; whereas the lower and higher than

2.0 mg/l concentrations reduced the alkaloid production.

In case of NAA the growth of tissue increased considerably
ti11l 5.0 mg/l of NAA, Hence the effect of 10.0 mg/l of NAA was
also studied as indicated in Table 5 and Fig. 9. Growth, as
measured by increase in fresh and dry weights, was found to be
maximum at 5.0 mg/l of NAA, However, at 10.0 mg/l of NAA the

growth of tissue appreciably decreased. The alkaloid production
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Table - 4, Effect of 2,4~dichlorophenoxy acetic acid on
growth and alkaloid production in E. alsinoides
callus cultures.

Inoculum : 300 +30 mg tissue by fresh weight (dry weight
16.08 mg) in 40 ml MS medium containing 2% sucrose
and supplemented with 0.5, 2,0 or 5.0 mg/l 2,4-D,

Incubation : & weeks at 25 £2°C in continuous light.

e A WS S wes e W Mmm  FRER  Gwee  Gma YW W  Eam Gwel SN TIN  fmm  EER e Rema  Swe SwRE  Smmm  Geest  MNNS B W b W e e

2,4-D Eresh weignt Dry weight Alkaloid
(mg/1) (mg/cult, (mg/cult.) ( %) ( ug/cult.)

S W Gmmm G MOWR  Bem e MM EER G DEE ARG MmN e MmN e S MW SUER M My EER e M Ome Sum  Man KWW mme  sem

0.5 3490.15 161.86 0.002 3.2
(x27.071) - (& 7.553)

2.0 3517.18 163.66 0.0045 7.4
(+ 22.129) ( +4,479)

5.0 3304,86 150,43 0.002 - 3,01
( £19.538) (+6.404) '

- Data represents average of five replicates.

Figures in parenthesis represent standard error.
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Table - 5, Effect of Naphthalene acetic acid on growth and
alkaloid production in B. alsinoides callus
cultures.

Inoculum : 300 +30 mg tissue by fresh weight (dry weight
16,08 mg) in 40 ml of MS medium containing 2%
sucrose and supplemented with 0.5, 2.0, 5.0 or
10,0 mg/1 NAA,

Incubation : 4 weeks at 25 +2°C in continuous light,

G W W Beme St Bes  Sees TR MRS S Dwee  BIRG Bk MG Suae  SWeR TR BAWE TR MG W M TWe  BING S S S SR BRSE M W e

NAA Fresh weight Dry weight
(mg/1) ( mg/cult.) (mg/cult.) (%) (pg/cult.)
0.5 3239.8 191.4 0.00225 4,31

( +18.776) ( +L.L04)

2.0 3225, 64 182.56 0.00325 5.9
( +18.612) ( +5.596)

5.0 3545.1 173.84 0.004 6.95
( +22.481) (#6.541)

10.0 2854 ,32 162,12 0.00301 4,83
( +16.231) (+7.231)

N Eem AW M S M WD TR MR RN G W MEn G MMM Ram SRS RME D R s e - PR R GmA W M G e S s

Data represents average of five replicates.

Figures in parenthesis represent standard error.
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steadily increased till 5.0 mg/l of NAA, but further

increase of NAA resulfed in less production of alkaloid.

The results presented in Table 6 and Fig. 10, clearly
indicate that IAA shows maximum growth of tissue in. fresh weight
and dry weight at 5.0 mg/l, the highest level of IAA tested.
Alkaloid production was considerably less when compared to the °
other auxins. The maximum production of alkaloid was recorded
at 2.0 mg/l of IAA, Hence concentrations of IAA higher than
5.0 mg/1 were not studied even though the growth of tissue was

found to be increasing till 5.0 mg/1 IAA,

Results showing the effect of IBA concentrations are
presented in Table 7 and Fig. 11. Growth as measured by increase
in fresh and dry weights was found to be highest at 0.5 mg/l of
IBA. Increasing the level of IBA'had an adverse effect on growth.
Alkaloid production was also found to be maximum at 0.5 mg/l1 1BA;

whereas higher levels of IPBA reduced the alkaloid production.

C - 2 : Effect of Cytokinin on growth and alkaloid production

in Evolwvulus callus cultures,

Measured quantities of tissue weighing 300+30 ng, grown
in auxin-cytokinin free medium for one week, were transferred
to 40 ml of MS medium supplemented with 0.01, 0.04; 0.4 and
2.0 mg/l of kinetin in addition to 2% sucrose, to find out the

effect of kinetin on growth and alkaloid production. Results
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Table - 6, Effect of Indole acetic acid (IAA) on growth
and alkaloid production in E. alsinoides
callus cultures. -

Inoculum : 300 +30 mg tissue by fresh weight (dry weight
16.08 mg) in 40 ml of MS medium containing 2%
sucrose and supplemented with 0.5, 2.0 or 5.0
mg/l IAA,

Incubation : 4 weeks at 25 +2°C in continuous light.

s s e mmm e EER W EeR  mmm e Gmed SR M Smme  famm M TR Mens MWW Smm  fams WY Gmm Gene e Smmm e Gvee  mmm s e e

Alkaloilds.

IAA Fresh weight Dry weight
(mg/1) (mg/cult.) (mg/cult.) . (%) (pg/cult.)
0.5 3520.9 188.9 0.001 1.89

( +14.314) ( +3.412)

2.0 3916.3 195.9 0.002 3.91
( £15.214) (+£3.971)"

5.0 4125.3 227.1 0.001 2.27
( +14,443) ( +5.923)

s gws  ewews e SeA T W DML e GUT TR BT M TREE  BWMR  Gue T GERR  MMN Gwe G A Gwee  Geer M e MR PTG R e e e

Data represents average of five replicates.

Figures in parenthesis represent standard error.
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Table - 7. Effect of Indole-3-butyric acid (IBA) on growth
and alkaloid production in E. alsinoides callus
cultures.

Inoculum : 300 +30 mg tissue by fresh weight (dry weight
16.08 mg) in 40 ml of MS medium containing
2% sucrose and supplemented with 0.5, 2.0 or 5.0
mg/1 IBA,

Incubation : 4 weeks at 25 +2°C in continuous light,

Gt e B wkEn  BeW G SmER e eeen R G GRS MW SENW  GmEm AW WN  GAME S MWRE W Gy G e MW B et ek GW SR B e

IBA Fresh weight Dry weight
(mg/1) (mg/cult.) (mg/cult.) (%) (ug/cult.)
0.5 3983. 64 206.6 0,004 . 8.3

( +23.591) (+7.733)

2.0 3020.1 172.66 0.003% 5.18
( £16.316) (+5.635)

5.0 3065.4 172.71 0.002 3.5
( +28,388) ( £5.141)

- R am G SmA R e WM B W e M O e MR MW PeNe  GER e MW Sl Mwem  dWee MR G B AR G SRR R e

Data represents average of five replicates,

Figures in parenthesis represent standard error.
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are presented in Table 8 and Fig. 12. Growth was found to be
maximum at 0.4 mg/l kinetin. At higher levels of kinetin tested,
growth of tissue was considerably reduced. Alkaloid production
reached its peak at 0.4 mg/l of kinetin and remained steady at

high kinetin level also,.

C - 3: Effect of Gibberellic acid (GA.) on growth and alkaloid
-

production in Evolvulus callus cultures.

Measured quantities of tissue weighing 300+30 mg grown in
auxin~-cytokinin free medium were transferred to 40 ml of MS
medium supplemented with 10, 50 or 100 mg/1 GA3 in addition to
2% sucrose, The tissue was harvested after 30 days for measurement
of growth and alkaloid production. Results showing the effect of

GAB concentrations are presented in Table 9 and Fig. 13.

Growth was found to be more at the lowest concentration of
GA3 tested, whereas it steadily decreased and showed considerably
less growth at the highest GA3 level tested. Alkaloid production
was also more at 10 mg/l of GAB’ whereas it remained steady at

50 and 100 mg/l of Gh.

C -« 4 : Effect of Auxin, Cvtokinin combinations on growth and

alkaloid production in Evolvulus callus cultures.

To examine the effect of auxin and cytokinin in combinations,

the auxin concentrations supporting maximum growth of tissue and



Table - 8, Effect of kinetin (K) on growth and alkaloid
production in E. alsinoides callus cultures.

Inoculum : 300 +30 mg tissue by fresh weight (dry weight
16.08 mg) in 40 ml of MS medium containing 2%
sucrose and supplemented with 0.01, 0.04, 0.4
or 2.0 mg/l K.

Incubation : 4 weeks at 25 +2°C in continuous light.

W N mee S WSS Gwm  Gewn  Tmem e OVER M Sl s ST WS M Beon SN ST B M RGeS GOW e S s wow  Anae

K Fresh weight Dry weight
(mg/1) ( mg/cult. ) (mg/cult.) (%) (pg/cult.)
0.01 3142.3 188.4 0.002 3.8

(+ 7.261)  (+2.34)

0.04  4286.3 195.8 . 0.002 3.9
( £9.385) (+2.26)

0.4 4459, 1 198.5 0.003 5.95
( +6.323) ( +1.531)

2.0 3200.0 188.5 0.003 5.7
(+11.231) ( +1.256)

Data represents average of five replicates.

Figures in parenthesis represent standard error.
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Table ~ 9, Effect of Gibberellic acid <GA3) on growth and
alkaloid production in E. alsinoides callus
cultures.

Inoculum : 300 +30 mg tissue by fresh weight (dry weight
16.08 mg) in 40 ml of MS medium containing
2% sucrose and supplemented with 10, 50 or 100
mg/1 GAE'

Incubation : &4 weeks at 25 +2°C in continuous light.

L R T I e R T e B R R

Alkaloid

GA3 Fresh weight Dry weight
(mg/1) (mg/cult.) (mg/cult.) ( % ) (mg/cult.)
10 . 3091.6 159.7 0.0035 5.59
(+ 17.098) (+ 3.456)
50 2996,6 149.4 0,002 2.99
(+ 16.064) (+ 3.399)
100 2418.3 144,2 0.002 2.88
' (£ 10.46) (£ 1.372)

e e S MEE v GROR e S B W BRw MR W SRAE  EBee WM I GRS DA M SR SEme  WKIN S M QU Mees  Rma  GWAe  Smat  Seme

Data represents average of five replicates.

Figures in parenthesis represent standard error.
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alkaloid production was added along with kinetin concentrations
which gave higher growth and alkaloid production. The results
obtained are presented in Table 10 and Fig. 14. The influence
of GA3 and kinetin was also studied to find out their optimal

levels .for maximum growth and alkaloid production.

Among the auxins or GAB and kinetin combinations tried,
MS medium with 2 mg/l 2,4-~D and 0.4 mg/l kinetin showed maximum
growth of tissue and alkaloid production (Fig. 7). Hence MS
medium supplemented with 2 mg/l 2,4~D and 0.4 mg/l kinetin in

addition to 2% sucrose was used for further experiments.

C - 5 : Periodical changes in growth and alkaloid production

in MS medium supplemented with optimal hormonal

concentrations in Evolvulus static and suspension

cultures.

300+30 mg tissue was transferred to 40 ml of MS basal
medium containing 2% sucrose and supplemented with 2.0 mg/1
2,4-D and 0.4 mg/l kinetin = an optimal combination found in
the previous experiment. The tissues were harvested after every
5 days interval till 45 days for determining growth of tissue
and alkaloid production. Periodic analysis was carried out in
static as well as suspension cultures to compare the growth

and alkaloid production in both the systems.

The results of periodic study on growth and alkaloid

production in static cultures are presented in Table 11 and



Table - 10. Effect of growth substances on growth and alkaloid
production in E. alsinoides callus cultures.

Inoculum : 300430 mg tissue by fresh weight (dry weight
\ ' 18.08 mg) in 40 ml of MS medium containing
2% sucrose and supplemented with -

(4) 2 mg/1 2,4-D + 0.4 mg/1l K
(B) 5 mg/1 NAA + 0,4 mg/1 K
(C) 2 mg/1 IBA + 0.4 mg/1 K
(D) 2 mg/1 IBA + 0,4 mg/1 K
(E) 10 mg/1 GA

Incubation : 25 days at 25+2°C in continuous light.

3

+ 0.4 mg/1l K

T dmme e Nema veom W e NG Gaee MW BEIR G S Sum  Bma  Seet SRS Sl G 0Ow B GRS WM MY GReT  SNGN B MU SENR  an e S

Alkaloid

Medium Fresh weight
( mg/cult. )

Dry weight
(mg/cult.)

— e e Gmee  amm  BA SR Mom Mes O Gnem  Mues GG RRIR  GEa  Gawe  GEa M MGl IR B MM M G MaE Do Gaw  Aues B PRA  Ames e

A 3619.4
(£13.434)
B 2135.6
(+15.027)
C 1634.7
(+ 6.158)
D 1348, 1
(+ 3.251)
E 1922.4
(+ 6.611)

135.0
(£2.032)

139.3
(+4.529)

138.3
(+4.347)

128.6
(+1.039)

137.0
(£1.033)

(%)  (pg/oult.)
0.005 6.9
0,004 5.6
0.0035 4.8
0.002 2.6
0.004 5.5

—— wve— ws Gerh M W meN Sme Wae  WOW  SMA Gama  MWet SR gams OGN M SMES  fMas  DuRd  EIm Semm  OWe B Wam Pt e Ama  GWe e Emee e

Data represents average of five replicates.

Figures in parenthesis represent standard error.
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Fig. 15. The fresh weight and dry weight of the tissue
steadily increased from day 5 of culture till day 25. Highest
growth of tissue was recorded on day 25 and then it declined
slightly till day 45. The tissue showed about 13 fold increase
in fresh weight on day 25 and about 9 fold increase in dry
weight., Alkaloid production did not increase till day 15, after
which it steadily increased until day 25; but then it declined

showing the lowest on day 45,

The increase in fresh weight and dry weight was considerably
more in suspension cultures compared to static cultures as shown
in Table 11 and Fig. 1§. To study the growth of tissue and
alkaloid production in suspension cultures, 2 ml of cell
suspension (200+20 mg in fresh weight) were transferred into
150 ml Erlenmeyer flasks containing 40 ml of MS medium -supple-
mented with 2 mg/l 2,4-D and 0.4 mg/l kinetin in addition to
2% sucrose. The flasks were incubated on a horizontal rotary

shaker in continuous light at 25+2°C.

The growth steadily increased recording maximum growth on
day 25. The fresh weight increase was 20 fold and dry weight
increase was 19 fold as recorded on day 25. The alkaloid
production remained steady till day 10 and then it increased
steadily, day 25 recording the maximum production of alkaloids.
Suspension cultures clearly showed considerably more growth

of tissue and alkaloid production compared to the static cultures.

N



48

C - 6 : Tryptophan Synthetase activity in Evolvulus static

and suspension cultures.

For enzyme assay a fixed number of replicates was harvested
at the intervals of 5 days. The tissue was pooled aut and
assayed for tryptophan synthetase activity as described in
Materials and Methods (Chapter II)}. Specific activity of
tryptophan synthetase in static cultures expressed per

milligram protein is shown in Table 12 and Fig. 19.

Enzyme activity was nil till day 5. Activity could be
detected on day 10 and then it steadily increased till day 20,
when the maximum aétivity was recorded. The enzyme activity
then declined recording no activity on day 30, A similar pattern
was observed in suspension cultures as shown in Table 12 and
Fig. 18. As in the case of growth of tissue and alkaloid
production, the tryptophHan synthetase activity was also observed
to be more in suspension cultures than in static cultures. Hence,
all subsequent experiments were carried out in suspension

cultures.
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SECTION - D

Influence of Inoculum 2 Volume ratio on growth and

i

alkaloid production in E. alsinoides suspension cultures.

To find out the optimal size of inoculum as well as volume
of medium which can support maximum growth of tissue and
alkaloid production, different sizes of inoculumi in relation
to quantity of medium were examined., The different combinations

of inoculum size and gquantity of medium tested were :

(A) 100 mg inoculum in 25 ml of medium
(B) 100 mg inoculum in 40 ml of medium
(C) 200 mg inoculum in 25 ml of medium
(D) 200 mg inoculum in 40 ml of medium
(E) 300 mg inoculum in 25 ml of medium

(F) 300 mg inoculum in 40 ml of medium.

Among these combinations tried, 200 mg of inoculum in ,
25 ml of MS medium supplemented with 2 mg/l 2,4-~D and 0.4 mg/l
kinetin in addition to 2% sucrose showed highest growth of
tissue as well as alkaloid production (Table 13, Fig. 19).
Alkaloid content pe?centage—wise was about the same when 200 mg
tissue was inoculated in 40 ml of medium. However, growth by
fresh and dry weights being higher in case of 200 mg tissue
inoculation in 25 ml of medium, the total yield of alkaloid at
the end of culture period of 25 days was higher in this treatment.

Further, as it saved 15 ml of medium also, this combination of

inoculum and volume was preferred for subsequent experiments.
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Table - 13, Effect of inoculum size and vdiume of medluﬁ on
growth and alkaloid production ln‘h& ISanldeS
suspension cultures.

Inoculum ¢ 100, 200 or 300 mg tissue by fresh weight in 25 ml, .
or 40 ml of MS medium containing 2% sucrose and
supplemented with 2,0 mg/1l 2,4~D and 0.4 mg/l
kinetin,

Incubation : 25 days at 25+2°C in continuous light.

me W B wwem swee e Wewe WSS Gmm WROS e Gewe  Amme MR Gt MO BMim  Geem  Goe M St Wee SRR Bame  BRED  Swe  SWER S BeR WD dwme e e e

Inoculum Quantity Alkaloid

of FPresh weight Dry weight

size nedivm ( mg/cult. ) {(mg/cult.) (%) (ug/cult.)

100 mg 25 ml 3200,01 140,01 0.01 14.0
(+16.251) (+7.232)

100 nmg 40 ml 2800.7 135.2 0.01 13.5
(+14.671) (+6.215)

200 mg 25 ml 4L087.06 198,01 0.012 23.76
(£17.832) (£7.161)

200 mg 40 ml 3700.12 165.72 0.012 19.886
(£15.561) (£5.261)

BOO‘mg 25 ml 2172.13 129.13 0.009 11.6
(+13.121) (+5.165)

300 mg 40 ml 3912.78 185.23 0.011 20.375

(£15.621) (+7.814)
Data represents average of five replicates.

Figures in parenthesis represent standard error.
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SECTION - E

E - 1 ¢ Effect of different sugars on growth and alkaloid

production in cell suspensions,

Carbohydrates, mainly sugars, not only provide the energy
source, but alsc supply carbon skeleton for the synthesis of
secondary metabolites in plemts. In present stuéies an
experiment was carried out to find out the optimal sourée of
energy and carbon for tissue growth and alkaloid production.
The cultures were incubated on MS basal medium which lacked
sugar for one week, before inoculation of the experiment to
minimise any carry over effects. Measured aliquots of cell
suspension (2 ml)} weighing 200+20 mg by fresh weight were
transferred to 25 ml of MS medium containing 2.0 mg/l 2,4-D
and 0.4 mg/l kinetin in addition to 2% Fructose, 2% Glucose or
1% Glucose + 1% Fructose and 2% sucrose as control. The culture
vessels were incubated at 25+2°C in continuous light for a
period of 25 days and then~har§ested for the determination of

growth and alkaloid production.

Both Fructose and Glucose were found to be inferior
carbon sources compared to sucrose, both for growth of tissue
as well as alkaloid production (Table 14, Fig. 20). Glucose
was found to be a better source of carbon than fructose and
glucose in combination with fructose was also observed to be

a better source of carbon compared to fructose alone, as it
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Table - 1. Effect of various sugars on growth and alkaloid
production in E. alsinoides suspension cultures.

Inoculum : 200+20 mg tissue by fresh weight (dry weight
12.01 mg) in 25 ml of MS medium supplemented with -
(A) 2 mg/1 2,4-D + 0.4 mg/l K + 2% sucrose (CONTROL)
(B) 2 mg/1 2,4=D + 0.4 mg/l K + 2% glucose
(C) 2 mg/1 2,4~D + 0.4 mg/l K + 2% fructose
(D) 2 mg/1 2,4=D + 0.4 mg/1 X + 1% glucose +

1% fructose.

Incubation : 25 days at 25+2°C in continuous light.

Fresh weight Dry weight Alkaloid
Treatment (mg/cult. (mg/cult.)
( % ) (ng/cult.)
A 4006, 24 197.02 0.012 23.6
(+13.265) (+3.801)
B 3236.28 171.91 0,011 18.9
(+11.236) (+2.145)
c 2232.28 134,01 0.009 12,1
(+ 7.631) (£1.251)
D *3002.36 . 168.01 0.01 16.8
(+ 9.156) (+1.701) ‘

s e AW M SmaY W Gmm MR MWW BEUS  GEuk  Gew Mt Guas  Beeé N BSEE  JWMA  SUWE  TENS  WWSS MW DD Geem W Gmas MWW Geme  emme e Sww e

Data represents average of five replicates.

Figures in parenthesis represent standard error,
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supported more growth of tissue and higher alkaloid production.
Growth as well as alkaloid production was maximum in 2% sucrose

medium.

E - 2 ¢ Effect of sucrose levels on growth and alkaloid
productlon and Tryptbghan synthetase.activitv

in .suspension cultures.

To determine the optimal sucrose level for the synthesis
of alkaloid and growth of tissue, MS medium was added with 0.0,
1.0, 2.0 and 4.0% sucrose in addition to 2.0 mg/1‘2,4~D and
O.4 mg/l kinetin. Measured aliquots of cell -suspension weighing
200+20 mg tissue by fresh weight were transferred to 25 ml of
culture media. The culture vessels were incubated at ZBiQBC in

continuous light for a period of 30 days.

A fixed number of replicates was harvestéd at the interval
of every 5 days for periodic measurement of tissue growth and
alkaloid production. Of the different levels of sucrose tried,

2% sucrose was found to be more effective for growtﬁ as well as
alkaloid production. The growth of tissue was comparatively
negligible in medium containing no sucrose. Alkaloid production
was also reduced compared to the cultures in 2% sucrose (Table 15,
Fig. 21). Addition of 1% sucrose enhanced the growth of tissue as
well as alkaloid production considerably (Table 16, Fig. 22);
whereas 2% sucrose supported maximum growth of the tissue as

well as alkaloid synthesis (Table 17, Fig. 24). Further increase
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in sucrose level, however, reduced the alkaloid synthesis.
Dry weight of the cultures, on the other hand, was
appreciably higher at 4% sucrose compared to the control

(Table 18, Fig. 26).

Enzyme assay was carried out at the intervals of 5 days
till day 30 of culture. Specific activity of tryptophan
synthetase per milligram protein in cultures containing 1%
sucrose is presented in Table 16, Fig. 23. Tryptophan
synthetase activity was maximum at 2% sucrose, whereas tissues
growing in 1% sucrose had comparatively less activity. In case
of 1% sucrose level enzyme activity was not detected until
day 15, then it increased till day é5. Day 25 recorded peak
activity and thereafter it declined, day 30 showing no activity.
At the highest level of sucrose tested (4%), the tryptophan
synthetase activity was detected from day 10 onwards, day 15
recording peak activity. The activity declined on day 20 and
then it was not detected in the tissues (Table 18, Fig. 27).
The enzyme activity was maximum at 2% sucrose level, whereas
the lower and higher levels of sucrose showed comparatively
less activity than in 2% sucrose (Table 17, Fig. 25). In absence

of sucrose the enzyme activity was not detected.
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SECTION ~'F

Effect of Total Nitrogen level on growth and alkaloid
production in suspension cultures.

Different sources of nitrogen as well as different levels
of nitrogen are known to inf}uence growth of tissues and
production of secondary metabolites., In the present studies,
the effect of total nitrogen in the form of NH4N03 and KNO3
has been examined. MS/basal medium contained 840 mg/l nitrogen
as ammonium nitrate and potassium nitrate, This nitrogen level
has been altered to find out the effect of its different levels
on growth of tissue and alkaloid production. As in previous
cases, the culture was incubated for one week in nitrogen free
MS medium (with all hormonal supplements and sucrose) to
minimise the carry over effects. Measured aliquots of cell
suspension weighing 200+20 mg by fresh weight were transferred
to 25 ml of MS medium (supplemented with 2.0 mg/l 2,4~D and
0.4 mg/l kinetin in addition to 2% sucrose) containing different
nitrogen levels. The different levels of nitrogen tested were
Nitrogen free medium, 840 mg/l (control), 1680 mg/l and
3360 mg/l. The culture vessels were incubated at 25+2°C in

continuous light for a period of 25 days.

The culture vessels were harvested after 25 days of
incubation for the measurement of growth of tissue and alkaloid

production. The results are presented in Table 19 and Fig. 28.
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In cultures where nitrogen was absent, the fresh weight
increase was about 5 fold and dry weight increase was 4 fold;
whereas in the control the respective increases were 20 fold
and 18 fold. In cultures containing double the amount of
nitrogen than control, a fresh weight increase of 8 fold and
dry weight increase of 9 fold were registered. At the highest
level of nitrogen tested (3360 mg/l}, the fresh welght
increase was only 4 fold; while the dry weight increase was
5 fold; i.e. growth was as low at 4 fold N level as when it

was totally absent.

Alkaloid production was also maximum at the standard
levels of NitPOgen\(SQO mg/1). In absence of nitrogen, there
was complete inhibition of alkaloid production besides the
degradation of initially present glkaloids. Increased levels
of nitrogen than in control alsc showed a suppressive effect
on alkaloid production. The results presented in Table 19 and
Fig. 28, thus clearly show that the normal supply of ﬁitrogen
(840 mg/1) as in MS standard medium supported maximum growth

of tissue and alkéloid production.



Table - 19, Effect of different Nitrogen levels on growth and
alkaloid production in E. alsinoides suspension

Inoculum

cultures.

200+20 mg tissue by fresh weight (dry weight
11.08 mg) in 25 ml of MS medium supplemented with -

(A) 2,0 mg/1 2,4~D + 0.4 mg/l K + 840 mg/l Nitrogen

(Control) ¢

11,9mcv%be

(B) 2.0 mg/1 2,4-D + 0.4 mg/1l K + zero Nitrogen +

2% sucrose.

(C) 2.0 mg/1 2,4~D + 0.4 mg/1l K + 1680 mg/1 Nitrogen
+ 2% sucrose.

“ (D) 2.0 mg/1 2,4-D + 0.4 mg/1l K + 3360 mg/l Nitrogen
+ 2% sucrose,

Incubation

¢ 25 days at 25#2°C in continuous light.

S A d G G MG MSAE M MR STT MRS e MNME G BN Gl MMM e SRR Ame S e SR M WS G GEa BNG SRe Mo daes e

Fresh weight
( mg/cult. )

Dry weight
(mg/cult.)

e W i s A et Gumd  Baee WIS WM e MMM BAmE  SUed SR (UM NS W MG Ges SRV MMGs DS M SN A SEs Al e e e e

1021.8
(+ 5.671)

1823,07
(+ 7.212)

824,73
(+ 1.871)

197.62
(+3.801)

67.23
(+1.932}

99.01
(£1.521)

52.01
(£1.212)

Data represents average of five replicates.

Figures in parenthesis represent standard error.
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SECTION - G

Effect of different levels of Microelement and Macro-

element salts on growth and alkaloid production

The combinations of macroelement and microelement salts

studied were :
Macroelement salt

0 X1 X2
0
Micro=- X1 Control
element
salt
X2

The results of the experiment are present in Table 20
and Figs. 29, 30, 31, Of the various combinations of micro-
elements and macroelements studied, 1 microelement + 2 macro-
element, as well as 2 microelement + 2 macroelement induced
maximum growth of tissue and alkaloid production (Fig. 31).
Absence of microelements and macroelements in the medium had
adverse effect on growth and alkaloid production (Fig. 29).
In the absence of microelements and macroelements, the tissue
became dry and brownish in colour with practically no growth.
The alkaloid production was also completely suppressed,

recording a very low percentage of alkaloid on day 25.
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Incorporation of macroelements, at increasing levels, without
microelements in the medium did support some growth and
alkaloid production, but it was less than the control. Micro-
elements alone, at various levels, in the absence of macro-
elements could got promote growth or alkaloid production. The
maximum growth of tissue was noticed at the highest levels of
microelements and macroelements (2 + 2), where the fresh weight
increase was about 19 fold and dry weight increase was about

14 fold; while control showed a fresh weight increase of 17 fold
and dry weight increase of 13 fold. On the other hand, maximum
alkaloid production was registered at 1 micro + 2 macro and

also at 2 micro + 2 macroelement salts levels.



Table - 20. Effect of different levels of Macroelements and
Microelements on growth and alkaloid production in
E. alsinoides suspension cultures.

Inoculum : 200+20 mg tissue by fresh weight (dry weight 11.08 ng)
©in 25 ml of MS medium with various combinations of
M;eroelements and Macroelements containing 2% sucrose

and supplemented with 2.0 mg/l 2,4=-D and 0.4 mg/l K.

Incubation : 25 days at 2542°C in continuous light. -

S S omew  Sehe  Gwes SN M M G e s s ENS ey SN Weah e R MW e PN Gy b s e e R R e e

Treatment Fresh weight Dry weight Alkaloid
Micro- Macro-  (mg/cult. (mg/cult, ) (%) (ng/cult. )
e%ement element

Control 3450,02 149,01 0.01 14,9
(1 + 1) (£ 9.632) (#2.123) ~
0 261.24 11.47 0.004 0.45
(+1.432) (19.123) .
o+ 1 2480.2 116.12 . 0.009 10. 4
(£ 5.625)  (x2.861) -
2 2489,2" 116,73 0.015 17.5
. (+ 4.065) (+1.732)
0 221.35 11.76  0.005 0.6
_ (+ 2.212) (+0.615) :
3450, 02 149.01 0.01 4.9
(+ 9.632) (+2.123) - *
2 3675, 24 152.2 0.016 24,0
(£10.0515)  (+3.161)
0. 260. 14 11.23 0.005 0.6
(£3.432) (+0.326)
2 s 1 3491, 12 150,62 0.013 19.6
(£11.632)  (£3.581) . ,
2 3781.2 - 158.02 0,016 25,0
(£ 9.364)  (x3.124)

W Geme KRR Tewh WM R G GWh s Ga GG e GMS G GNEN  GNMA MmN R AR SN Nes G DM G SRR SNe My e GG M s s

Data represents average of five replicates.
Figures in parenthesis represent standard error.
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SECTION - H

Effect of Tweens on growth and alkaloid production in

Evolvulus suspension cultures.

Tweens are surface reactants which help in the uptake of
different components from the mediqm. Hence the effect of
Tweens were studied on growth of tissue as well as production
of alkaloids. The different Tweens studied were Tween-40
(Palmitic acid), Tween-60 (Stearic acid) and Tween-80 (Oleic

acid). In each case the following concentrations were tried,

Tween-40 : 0.2, 0.5, 1.0, 2.0% (v/v)
Tween-60 : 0.2, 0.5, 1.0, 2.0% (v/v)
Tween-80 : 0.2, 015, 1.0, 2.0% (v/v).

Measured aliquots of cell suspension weighing 200+20 mg
by fresh weight were transferred to 25 ml of MS medium
(supplemented with 2.0 mg/l 2,4-D and 0.4 mg/l kinetin in
addition to 2% sucrose) containing 0.2, 0.5, 1.0 or 2.0% (v/v)
of Tween 40, 60 or 80. The culture vessels were incubated at

25+2°C in continuous light for 25 days.

The culture vessels were harvested after 25 days of
incubation for the determination of growth and alkaloid
production. The growth of tissue was relatively less in all
the Tween levels studied in comparison to the control. In

the treatment with Tween-40, 0.2% (v/v) promoted maximum
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growth of tissue compared to the other concentrations studied.
Alkaloid production was however, more in 0.5% (v/v) compared
to other concentrations (Table 21, Fig. 32). Growth was higher
in the control, but at all Tween-40 levels except 2.0%, the

alkaloid content was more than in the control.

In Tween-60 (Table 22, Fig. 33) and Tween-80 (Table 23,
Fig. 34) both, a similar pattern in growth and alkaloid

production was observed.

Among the three Tweens studied, Tween-80 was found to be
more effective for production of alkaloid, whereas growth of
tigsue was more in Tween-40. Hence, for further experimental
studies Tween-80 was used, Among the different concentrations
of Tween-80 studied, 0.5% was found to be more effective in
inducing alkaloid production. Tween-80 was therefore, added at

0.5% (v/v) concentration in the subseguent experiment.

In the following experiment Tween-80 (0.5%) was added
periodically to study its effect on alkaloid production. It was
added on day 0, day 5, day 10, day 15 and day 20 of culture. In
all cases, the cultures were incubated for 25 days at 25+2°C in
continuous light and the culture vessels were harvested on'25th

day for measurement of growth and alkaloid production.

The results (Table 24, Fig. 35) indicated that addition
of Tween-80 on day 0, was more effective for alkaloid production,
white the growth of tissue was more in treatments where Tween

was added on day 20.
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Table - 21, Effect of Tween-40 on growth and alkaloid
" production in E. alsinoides suspension cultures,

Inoculum : 200420 mg tissue by fresh weight (dry weight
11,08 mg) in 25 ml of MS medium containing. 2%
sucrose and supplemented with 2.0 mg/l 2,4-D
and O.4 mg/l kinetin and Tween-40,

Incubation : 25 days at 25+2°C in continuous light.

W e A Geee  GMWR TS NN GWSE WM GEWR  WRNR  AGwe BN e Swmm  MGEw  GWed  BeUs  SEme  fmen  Mam e Smme  SELE  GWIE M GERE  SWe  WIR e om e

Treatment * . . Al kalodid
- . Fresh weight Dry weight e e e e e s
TY@?ﬁ)qo ( mg/cult. ) (mg/cult.) (%) (pg/cult.)
Zero 3500.01 150,73 0.01 15.1
(Control) (119 021) (+3.0013)
0.2 2872.,21 131.25 0.013 17.1
(+12.123) (+2.816)
0.5 2012, 34 - 75.321 0.016 - 12,0
(+13.013) (+4.161)
1.0 2001.2. 7h,23 0.012 8.9
(+ 7.841) (+1.864)
2.0 412,12 58,24 0.008 4,7
(£ 7.124) (+2.154)

Data represents average of five replicates,

Figures in parenthesis represent standard error.
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Table - 22, Effect of Tween-60 on growth and alkaloid
production in E, alsinoides suspension cultures.

Inoculum : 200+20 mg tissue by fresh weight (dry weight
11.08 mg) in 25 ml of MS medium containing 2%
sucrose and supplemented with 2.0 mg/l 2,4~D
and Tween-60.

Incubation ¢ 25 days at 25+2°C in continuous light,

G ama S e Sme G Sy Bedh  Swee W G e MR MR e SeWR MUK GWWE W e W Tt e e WS M M WS pmer R s e

Alkaloid

Treatment . .
Fresh weight Dry weight
Tween-60 (mg/cult.% (mg/cult.) ( % ) (ug/curt.)
v/v
Zero 3500,01 150.73 0.01 15.1
(Control)  (,11,021) £+3.001)
0.2 2432, 1 127 .25 0.012 15.0
(+15.613) (£7.865)
0.5 1912.013 68.21 0.015 10.2
(£13.541) (+5.261)
1.0 1801.1 Co62.21 0.013 8.1
(£11.161) (+3.184)
2,0 1523.2 58.23 0.009 5.0
(£12.061) (+£5.123)

cna Shas R M B e B BGN N R W SR Gwm St et G MR MM TS e WANE  See e e wmee et e e PR Geed e e

Data represents average of five replicates.

Figures in parenthesis represent standard error.
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Table - 23. Effect of Tween-80 on growth end alkaloid
production in E. alsinoides suspension cultures.

Inoculum : 200+20 mg tissue by fresh weight (dry weight
: 11.08 mg) in 25 ml of MS medium containing
2% sucrose and su?pleménted with 2.0 mg/1 2,4~D
and 0.4 mg/l kinetin and Tween-80.

Incubation : 25 days at 254+2°C in continuous light,

B G G Meew  Sewe  Bvm MW gwew SR Gl GWAS TR WSS M NS MW MM G BRGR Beam  NEWE B Mawe S PRI e S e e e S e

Treatment  Fresh weight Dry weight
TysjngO (mg/cult. ) (mg/cult.) .= (g (ng/cult. )
Zero 3500.01 - 150.73 0.01 15.1
(Control) (. 49,021) (+3.001)
0.2 2221,2 80,01 0.013 10.4
: © (+13.001) (+7.165)
0.5 1862. 34 67.02 0.017 11.3
(+ 9.642) (+3.832)
1.0 1501. 1 63.01 0.014 8.8
(+11.236) (+1.678)
2.0 1012.1 58.01 0.01 5.8

(+ 5.212)

(+1.378)

W S e S S e WA W WER MM e e SN WM M mmm e e B Jmum A M MME SUEm SR M GmS  sme MW Rem e Swee

Data represents average of five replicates.

Figures in parenthesis represent standard error.’
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Table - 24, Effect of sequential (periodic) addition of
Tween-80 on growth and alkaloid production in
E. alsinoides suspension culture.

Inoculum : 200+20 mg tissue by fresh weight (dry weight
11.08 mg) in 25 ml of MS medium containing 2%
sucrose and supplemented with 2.0 mg/l 2,4-D
and 0.4 mg/l kinetin and 0.5 v/v Tween=-80.

Incubation t¢ 25 days at 25+2°C in continuous light,

I e T e . . B R S e ey

Tween-80 Alkalodid

(0.5 v/v) Fresh welght Dry weight

Time of (mg/cult (mg/cult. ) (%) (ng/cult.)

" addition

Zero Tween 3501.21 150,71 0,01 15.1

( Control ) (,40,021) (+3.001)

5th day 1802.02 66,01 0.016 10.2
(£ 7.123) (£1.546)

10th day 1702.32 65.032 0.15 9.75
(+ 5.832) (£1.345)

15th day 1632.3 64.32 0.013 8.4
(+ 3.872) (+1.643)

20th day 2315.2 - 132.01 0.013 17.0
(+ 9.165) (+1.832)

e MEm Am fu e G G Mme G Meer  SEEE  SEmy MR G MWD MM Em  SEES  Mm MM e TR e B e s WA Suee S s

Data represents average of five replicates.

Figures in parenthesis represent standard error.
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SECTION ~ T

Effect of precursors on growth and alkaloid production

in Evolwulus suspension cultures.

The main precursors of ergot 'alkaloids are Tryptophan,
Mevalonic acid and Methionine. Voluminous work has been done
on the effect of L-tryptophan on alkaloid production in
Claviceps species;and further the effect of early and late
addition of Tryptophan to cultures has also been studied.
Mevalonic acid supplies an Isoprene unit of ergot alkaloids.
Methionine supplies the methyl group and Tryptophan forms the
main skeleton of ergot alkaloids. Moreover, Anthranilic acid,
Indole and Serine are the indirect precursors of ergot alkaloids
as Tryptophan, the main precursor is produced from them.
Anthranilic acid is converted to Indole, whereas Indole and
Serine reacts together in the presence of Tryptophan synthetase
to form Tryptophan. In addition to these precursecrs, various
homologues of Tryptophan like Thiotryptophan, 5~-methyl tryptophan
etc. were also found to have stimulatory effect on alkaloid
production. Keeping in view the above work, various experiments
were carried out here with a higher plant system, the results

obtained are described in the following subsections.

I - 1 : Effect of L-tryptophan on growth, aslkaloid production

and Trvptophan svnthetase sctivity.

The different concentrations of Tryptophan incorporated in



73

the medium were 2 mM, 5 mM and 10 mM. Measured aligquots of

cell suspension weighing 200+20 mg by fresh welght were
transferred to 25 ml of MS medium (supplemented with 2.0 ng/l
2,4-D and 0.4 mg/l kinetin in addition to 2% sucrose) containing
2, 5 or 10 mM L-tryptophan. The culture vessels were incubated
at 25+2°C in continuous light for 30 days. & fixed number of
replicates was harvested at the intervals of 5 days for the
measurement of growth, alkaloid production and enzyﬁe assay.

The results are presented in Tables 25-27 and Figs. 36-41.

Addition of 2 mM L-tryptophan had a promotory effect on
alkaloid production,* but growth of tissue was reduced in
comparison to normal (control) cultures (Table 25, Fig. 36).
Increasing concentrations of L-tryptophan had profound effect
on alkaloid production, 10 mM Tryptophan recording maximum
production of alkaloids (Table 27, Fig. 40). However, the growth
of tissue was inhibited in cultures containing 10 mM Tryptophan,
recording only 6 fold increase in fresh weight and dry weight
during the course of culture. At 5 mM TryptOphan level also,
there was comparatively more alkaloid production, but reduced
growth of tissue (Table 26, Fig. 33), recording 7 fold increase
in fresh weight and 6 fold increase in dry weight. The tissue
turned dry and brownish in colour at all levels of Tryptophan

tested.

Tryptophan synthetase activity was not recorded till day

10 in all the levels of Tryptophan examined. In case of 2 mM
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Tryptophan (Table 25, Fig. 37) and 10 mM Tryptophan (Table 27,
Fig. 41) tryptophan synthetase activity was not recorded on
day 30. However, in 5 mM Tryptophan treatment, the enzyme
activity was recorded from day 10 till day 30 (Table 26,

Fig. 39). The tryptophan synthetase activity was highest on
day 20 in all cases except in case of 2 mM Tryptophan

treatment where the maximum activity was recorded on day 15.

I ~ 2 : Effect of periodic addition of Tryptophan on growth

and alkaloid production.

-

L-tryptophan was incorporated in the medium at 2 mM and
10 mM levels on day 5, day 10, day 15 and day 20 of culture.
The tissue was harvested for the measurement of growth anﬁ
estimation of alkaloid production after 25 days in culture.

The results are presented in Tables 28, 29 and Figs. 42, 43.

The growth of tissue was comparatively less than the
control in cultures in which 2 mM Tryptophan was added
periodically. The cultures where Iryptophan was added on day 20,
showed comparatively more growth than in other treatments
(Table 28, Fig. 42). In studies with 10 mM Tryptophan, the
cultures where Tryptophan was incorporated on days 5 and 10 of
culture, the growth of tissue was much reduced in comparison
to other treatments when it was added later. Clearly, late
addition of Tryptophan (2 mM as well as 10 mM) when most of

the growth had already taken place, its adverse effect was not
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that severe. On the other hand, addition of Tryptophan on
day 5 and day 10 when growth was Jjust initiated, the
suppression of growth was very pronounced, more soO in presence

of higher level of Tryptophan.

Unlike growth, early addition of Tryptophan appreciably
enhanced alkaloid production (Tables 28 and 29, Figs. 42 and
43); however, later addition had less stimulatory effect on
alkaloid production. Still, in the latter case, at higher
Tryptophan concentration alkaloid content was significantly

higher than in the control on day 25.

I - 3 : Effect of 5-methvl tryptophan on growth, alkaloid’

production and tryptophan synthetase activity.

The concentration of 5-methyl tryptophan administered was
only 2 mM, because 5-methyl tryptophan was found to completely
inhibit the growth of tissue. At the level tested, it showed a
fresh and dry weight increase of about 3 fold. The alkaloid
production was slightly enhanced compared to normal cultures

(Table 30, Fig. 44).

Tryptophan synthetase activity was not detected till
day 10 of cultures. Day 10 recorded maximum activity and then
the enzyme activity declined. Day 20 recorded minimum
activity and thereafter the enzyme activity was not detected

(Table 30, Fig. 45).



1
o0
sJ0aJ9 paepueqs quesagded sTssypuUdIed UT SoandTg
*saqeoTTdad 9ATI JO aFeisAe sjusssadsd eleq

e cuas W e W ey RN was M My el Ry WA GmmA R e e W GReY S e

A W TR BEWe MR e e Y e Gwer MR T e e G Gmet e Mo e AT e e e

\ (12€°0F) (149G 0+)
- - A7) ZL0'0 0°¢¢ ¢ o8y 0%
(612°0F) (968°0+)
- - 9y ¢10°0 9°6¢ - 9°/65 Ge
(7€2°OF) (S147°0F)
68°¢g 0°¢ G 10°0 7°G¢ 0°a8s 0c
(8L1°0%F) (LLE*OF)
Gz 2y 0°02 hz L00*0 g-ce z2°8es Gl
(6¢z2*0+) (86¢ *0F)
gL*2h €G*¢e 42 100*0 2 "me ¢*.26 oL
(8L0°0F) (982°0%F)
- - 9°1 900°0 ¢ le 9°62y G
| \ (GL1L°0F) (L1G°1F)
- - - 800°0 1011 00°002 0
uun:sn:,....mdﬂm@m@mg.........a......,.......,.......1.............1...........11.......
(*31no/siTun) Ju/s3Tun) (C3Ino/3n ) (%) ( *3Tno/Su) m.wﬁﬁu\wsv e
aseqaylruis ueydojzdAay, PTOTENTY ruStem Lag 1US oM USSIT a

*qyITT SNONUTAUOD UT Do2+GZ 18 SABD 0f : UOT3EBqnOUT

) sumeydor dAig~-qa~TAUjau~g ‘KJu 2 pue
utgeuTy T/3u °0 pue g-vfz T/Bw 0'Z UlTM pojusuaTddns pue asoaons g9z SUTUTELUOD
unTpemw gy JO TW Gz UT (Sw LO°LL 3UITeoM AaDp) 1uySTom ysaaF £q enssTy Bw QZ+00Z ¢ unnooul

‘ueydoqdiay~qy TAUgLU~G ‘Hu g 3B saanjino uotsuedsns SoploUIsS[e °d UT A3TAT3O®
aseqayquis ueydogdAxy pue uotzonpoad PTOTBYIR ‘Uamods UT soFuBUd OTPOTIdg ‘0¢ —~ TABL




4000

)
415
I S
goo 40 .
l Poe. 3
™ ) & "0 .
o~ ~ .,_,.—-“‘" ” _"——__-. } ;
\Ej oo E\ 30k id %,
| N N /*‘%Mo *“0‘3 ‘
I | o077 ~. |3
9 é / ’ ° 3
3 gool ; - S 0’ 2
x 3 3 *
% . >
w z , 4#5 9
% Q ‘ﬁf‘.""’uc. g’
,‘t 200- "4' o
,.—-0-—-"*—0—"" S
| T ?
° i - i L | |1 :
o 5 16 15 20 35 ° o

TIME (DAYS)

" HG.44-EFFECT OF 5-METHYL-TRYPTOPHEN ON GRONTH & ALKALOID PRODUCTION

30 60
[ [ ]
o 20 440
3 Wy
Ay «
3 R
Q 3
% fof 4200
{\ ~
2 3
RN X
3 3
0 L F 1 3 3 1
5 10 15 . 20 25 -~ 30 ¢
’ TIME (DAYS)

FIg.45-EFFECT OF 5-METHVL-TRYDTOPHEN ON TRYDTOPHAN SYNTHETASE ACTIVITY




I - 4 : Effect of DL-mevalonic acid on growth, alkaloid

production and tryptophan synthetase activity.

The concentrations of Mevalonic acid incorporated in the
medium were 2 mM and 5 mM. As in previous cases, measured
aliguots of cell suspension weighing 200+20 mg by fresh
weight were transferred to 25 ml of MS medium (supplemented
with 2.0 mg/l 2,4~D, and 0.4 mg/l kinetin in addition to 2%
sucrose) containing 2 or 5 mM Mevalonic acid. The culture
vessels were incubated at 25+2°C in continuous light for 30
days. A fixed number of replicates was harvested at the
interval of 5 days for the determination of growth, alkaloid
production and enzyme assay. Results are presented in Tables

31, 32 and Figs. 46-49,

Mevalonic acid had a marked effect on growth of tissue.
The tissue growth was comparatively more than the normal
cultures at both the levels of Mevalonic acid tested. Cultures
growing on 2 mM Mevalonic acid had a 20 fold increase in fresh
weight and about 18 fold increase in dry weight (Table 31,
Fig. 46).iAt 5 mM Mevalonic acid, the fresh weight as well as
dry weight increase was more or less similar to cultures
containing 2 mM Mevalonic acid (Table 32, Fig. 48), Alkaloid
production was enhanced in both the concentrations tried,
being about 50% higher than in the control (Tables 31, 32 and
Figs. 46, 48).
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Enzyme activity Qas not detected in cultures on day 5
in presence of both 2 mM and 5 mM levels of Mevalonic acid.
From day 10 of culture, the enzyme activity steadily increased
in both the treatments, showing maximum activity on day 20.
No enzyme activity was recorded on day 25 and, day 30.
Specific activity of tryptophan synthetase expressed per
milligram protein was slightly higher in cultures containing
5 mM Mevalonic acid (Table 32, Fig. 49) than 2 mM Mevalonic
acid (Table 31, Fig. 47).

I - 5 1 Effect of Methionine on growth, alkaloid production

and tryptophan svnthetase activity.

Effect of Methionine was examined only at 2 mM concentra-
tion, as it inhibited growth at higher concentrations.
Methionine at 2 mM, did not have any stimulatory effect on
alkaloid production. On the other hand, growth of tissue was
inhibited showing only about 2.5 féld increase in fresh weight

and dry weight on day 25 (Table 33, Fig. 50).

As in the previous experiments, enzyme activity was not
detected on day 5, but it steadily increased from day 10 to
day 20 of culture. Peak enzyme activity was registered on
day 20, (Table 33, Fig. 51) after which the enzyme activity

was not detected.
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I - 6 : Effect of Anthranilic acid on growth, alkaloid

production and tryptophan synthetase activity.

Anthranilic acid levels incorporated in the medium were
% mM and 2 mM. It was found to have an adverse effect on
growth of tissue as well as alkaloid production. The cultures
growing in 1 mM Anthranilic acid showed only 2 fold increase
in fresh weight and about 1.5 fold increase in dry weight
(Table 34, Fig. 52). The alkaloid production was also far less
compared to normal cultures. At the highest level tested
(2 mM) the growth of tissue and alkaloid production were
completely inhibited (Table 35, Fig. 54).

Similar to growth and alkaloid production, enzyme
activity was also inhibitedyby fnthranilic acid. &t 1 mM
concentration the enzyme activity was detected at very low
levels oﬁiy. There was no activity on day 5. Day 15 recorded
maximum activity and then it declined as on day 20 and further
the activity was not detected (Table 34, Fig. 53). At 2 mM
concentration the enzyme activity was completely inhibited

(Table 35).

I - 7 : Effect of Indole on growth, alkaloid production

" and tryptovhan svnthetase activity.

To find out the role of Indole in alkaloid preduction,
it was incorporated in the medium at 0.5 mM and 2 ml

concentrations. At 0.5 mM, the growth of tissue was inhibited.
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The tissue did not synthesize alkaloid but there was a
depletion in the levels of alkalold present on day zero
(Table 36, Fig. 55). At 2 mM concentration of Indole, the
growth of tissue was completely inhibited. The tissue did ﬁot
grow except for a slight increase in fresh weight on day 5.
Similarly there was no enhancement in synthesis of alkaloid
(Table 37, Fig. 57). Moreover, there was complete degradation
of alkaloids initially present. The tissue became dark brown

and hard at both the levels of Indole tested.

In cultures growing in 0.5 mM Indole the enzyme activity
was not detected till day 10 and further it remained steady
till day 15 (Table 36, Fig. 56). Day 20 recorded maximum
activity and then the activity was not detected on days 25 and
30. At higher levels (2 mM) of Indole, the enzyme activity was
very low and steady till day 20 and thereafter the activity was

not detected (Table 37, Fig. 58).

I -8 : Effect of Dl-serine on growth, alkaloid and
tryptophan synthetase activity.

Serine was incorporated in the medium at 2 mM and 5 ml
levels., At the lower concentration of Serine studied, the
fresh weight increase was about 18 fold and dry weight
increase was about 16 fold. Alkaloid production also had a
promotory effect than normal cultures (Table 38, Fig. 59). At

the higher level of Serine tested (5 mM) the growth of tissue
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and alkaloid production showed a similar pattern as in the

case of 2 mM Serine (Table 39, Fig. 61).

In cultures containing 2 mM Serine, enzyme activity was
not detected till day 10, after which it steadily increased
until day 20. Further the enzyme activity declined showing
no activity on day 30 (Tablé 38, Fig. 60). A similar pattern
of enzyme activity was observed in case of 5 mM Serine also

(Table 39, Fig. 62).

I -~ 9 ; Effect of DL~Serine + Indole on growth, alkaloid

production and trvptophan svnthetase activity.

To find out the effect of Serine in combination with
Indole on growth and alkaloid production, 0.5 mM Indole + 2 mlM

Serine was incorporated in the medium,

The growth of tissue as well as alkaloid production was
inhibited by Indole, Serine combination (Table 40, Fig. 63).
The fresh weight and dry weight increase was only about 2.5
fold, whereas alkaloid production was far lower than in the

control.

Enzyme activity was not detected till day 10. Then it
increased steadily till day 20, when the maximum activity was
attained (Table 40, Fig. 64). Later, the activity declined;

days 25 and 30 showing no activity.
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SECTION - J

Studies on Amino acids during the course of culture

in Evolwvulus suspension cultures.

Cultures grown in MS medium containing 2% sucrose and
supplemented with 2.0 mg/l 2,4-D and 0.4 mg/l kinetin were
analysed for their amino acid contents. Tryptophan, Serine and
Methionine which are directly connected with alkaloid production
were studied quantitatively. The remaining amino acids were
qualitatively analysed during the course of culture.The tissue
was harvested at the intervals of 5 days for periodical

determination of amino acids..

In all seven amino acids were found to be present (Tablé 41)
during the course of culture. Among the amino acids studied
gualitatively, Aspargine and Glutamine were observed to be present
during the entire course of culture from day 5 till day 30.Cysteine
was detected only on day 20 and 25 of culture; whereas Phenyl-

alanine was detected on all days of culture except on day 5.

The’quantitative estimations of Tryptophan, Serine and
Methionine are presented in Table 42 and Fig., 65. Tryptophan was
found to be present in comparatively less amoﬁnts on days 5, 25
and 30 and was maximum on day 20 of culture. Serine increased
steadily from day 5 to day 15 when its highest value was attained.
It remained absent from day 20 to 25. Methionine was relatively
less on days 5 and 30; but reached its maximum value on day 15.

It was not detected on days 20 and 25.
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Table - 41. Amino acids in E. alsinoides suspension cultures
during the course of cultures.

Inoculum : 200420 mg tissue by fresh weight (dry weight 11.08 mg)
in 25 ml of MS medium containing 2% sucrose and
supplemented with 2 mg/l 2,4~D and O.4 mg/l kinetin,

Incubation : 30 days at 25+2°C in continuous light.

G A ey e et Mme ke e MM WRN TEES WS B AW UM OOW MM MM ESm Dus  Gmm Mms e M SR BN e G e e B e mme e

Period o f culfture
Amino acids -
5 10 15 20 25 30
Aspargine + + + + + +
Serine + + + - - +
Tryptophan + + + + + +
Methionine + + + - - +
Cysteine - - - e + -
Glutamine + + + + + +
Phenylalanine - + + + o+ o+
+ = Present - = Absent

Table - 42, Periodic study of Tryptophan, Serine and Methionine
guantitatively in E. alsinoides suspension cultures,

W gy WA TR Gwes  Meee Mees  Seea e s WWeR  BWER  BAOR  SEAM Y SR WA BEAS  WAR SR M e B e G Bw Maee B e e e b e e

Amino acids

5 10 15 20 25 30
Tryptophan 300 900 1500 3000 600 250
Serine 1000 2000 3500 - - 250

Methionine 200 500 850 - - 150

S G pmm  Sm mmm Gmas W GEms Gecm e M S SRS B Swwt  Smma  PERS  BWmi MR TS mmn MW e Mee D MW WG Mam e Gwe e eme  tome
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SECTION ~ K

Phosphate inhibition of alkaloid and its control by

tryptophan and its analogues in Ezglvu%ys suspension

s

culture,

Inorganic phosphate at higher concentrations has been
shown to inhibit ergot alkaloid precduction in fungi. Further,
addition of L-tryptophan to phosphate inhibited cultures had
profound effect in restoring the alkaloid production; whereas
homologues of Tryptophan and Mevalonic acid could not restore
the production of alkaloids inhibited by Inorganic phosphate.
Similar studies were, therefore, carried out in Evolvulus
alsinoides also to examine their effects in cultures of higher
plants. The experiments carried out in this direction are

explained in the following subsections.

K - 1 : Phosphate inhibition of alkaloid in Evolvulus

suspension cultures.

Inorganic phosphate was incorporated in the medium in the
form of Potassium dihydrogen orthophosphate (KHZPOA) at
340 mg/l, 680 mg/l and 1020 mg/l. The normal cultures

contained 170 mg/l of inorganic phosphate.

Measured aliquots of cell suspension welghing 200+20 mg

tissue by fresh weight were transferred to 25 ml of MS medium



io0o

(supplemented with 2.0 mg/l 2,4-D and O.4 mg/l kinetin in
addition to 2% sucrose) containing 340 mg, 680 mg or 1020 mg/l
of KH,FO,. The culture vessels were incubated at 25+2°C, in
continuous light for a period of 30 days. A fixed number of
replicates were harvested at the interval of 5 days for

periodic measurement of growth and alkaloid production.

The results presented in Table 43 and Fig. 66 showed that
at the lowest level of inorganic phosphate tested, the growth
of tissue had a marked bromotory effect, registering about
50 fold increaée in fresh weight and 19 fold increase in dry
weight. Further, a remarkable feature in the case of cultures
containing higher amounts of inorganic phosphate was that the
growth of tissue did not cease at day 25 but continued to
increase till day 30. At 680 mg/l level of inorganic phosphate
(4 times higher than the normal dose), the tissue did not show
appreciable increase in growth compared to the cultures in
340 mg/l inorganic phosphate level (Table 44, Fig, 68). At the
highest level of phosphate tested (1020 mg/l) there was no
appreciable change in growth of tissue except a slight increase

in fresh weight and dry weight.

Tne alkaloid production was not much effected by doubling
the level of inorganic phosphate in the medium. The initial
inoculum c¢ontained 0.009%; while at 340 mg/l of phosphate also
the quantity of alkaloid present remained almost thé same

(Table 43, Fig, 66). However, the alkaloid production was
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reduced, the highest value registered being 0.007% in
presence of higher (680 mg/l) level of phosphate (Table 44,
Fig. 68). At the highest level of phosphate (1020 mg/1),
alkaloid production was further inhibited showing 0.006% on

day 25 (Table 45, Fig. 70).

Assay of tryptophan synthetase was carried out in the
above treatments by harvesting a fixed number of replicates at
the intervals of 5 days till 30 days of culture. The specific
activity of tryptophan synthetase expressed per milligram
protein for callus tissue over a period of 30 days at 340 mg/l
inorganic phosphate is shown in Table 43 and Fig. 67. Enzyme
activity was not detected till day 10, after which it increased.
After recording the peak value on day 15, the activity gradually

declined until no activity was registered on day 30.

The specific activity of tryptophan synthetase expressed
per milligram protein and units/culture in presence of 680 mg/l
inorganic phosphate level in the medium is shown in Table 44
and Fig. 69. The activity was absent on day 5. After attaining
the peak value on day 15, the activity declined to low values

on days 20 and 25 and was nil on day 30.

Tryptophan synthetase activity could not be detected in
tissues growing on media containing 1020 mg/l inorganic phosphate

during the entire culture period (Table 45).
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K - 2 : Effect of L-tryptophan on phosphate inhibited

alkaloid production

Measured aliquots of cell suspension weighing 200420 mg
tissue by fresh weight was transferred to 25 ml of MS medium
(supplemented with 2.0 mg/l 2,4-D and 0.4 mg/l kinetin in
addition to 2% sucrose) containing 1020 mg/l inorganic
phosphate and 5 mM L-tryptophan. The culture vessels were
incubated at 25+2°C in continuous light for a period of 30 days.
A fixed number of replicates was harvested at the interval of
every 5 days for periodic determination of growth and alkaloid

production.

The growth of tissue was considerably inhibited by the
addition of L-tryptophan. The fresh weight increase was about
9 fold and dry weight increase was about 6 fold. But the
alkaloid production was restored back as in normal (control)
cultures by the addition of L-tryptophan as shown in Table 46

and Fig. 71.

In tissues growing in media containiﬁg the highest level
of inorganic phosphate tested, the addition of L-tryptophan
had no stimulating effect on tryptophan synthetase activity.
The tryptophan synthetase activity remained inhibited even

after the addition of L-tryptophan (Table 46).
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K - 3 : Effect of Mevalonic acid on phosphate inhibited

alkaloid production.

Measured aliguots of cell suspension weighing 200+20 mg
tissue by fresh weight was transferred to 25 ml of MS medium
(supplemented with 2.0 mg/1 2,4-D and O.4 mg/l kinetin in
addition to 2% sucrose) containing 1020 mg/l inorganic phosphate
and 5 mM, Mevalonic acid. The culture vessels were incubated at
25+2°C in continuous light for a period of 30 days. A fixed
number of replicates were harvested at the interval of every

5 days for periodic estimation of growth and alkaloid production.

The growth of tissue was promoted by the addition of .
Mevalonic acid. The fresh weight increase was about 30.5 fold
and dry weight increase was about 20 fold. On the other hand,
Mevalonic acid did not have any promotory effect on alkaloid
production, i.e., it could not reverse the inhibition by high

levels of inorganic phosphate (Table 47 and Fig. 72).

Similar to earlier treatment (L-tryptophan + 1020 mg/l
inorganic phosphate), Mevalonic acid also could not restore the
tryptophan synthetase activity, inhibited by high levels of

inorganic phosphate (Table 47).

K - 4 : Effect of S-methyl trvptophan on vhosphate inhibited

alkaloid production .

5-methyl tryptophan at 1 mM concentration was incorporated
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o

in the medium containing high levels of inorganic phosphate
to find out if Methyl tryptophan could overcome the high

phosphate inhibition of alkaloid production.

The growth of tissue was inhibited by Methyl tryptophan,
recording a fresh weight increase of only about 5 fold and
dry weight increase of 4 fold. Further, Methyl tryptophan
also could not reverse the alkaloid inhibition by high levels

of inorganic phosphate (Table 48, Fig. 73).

As in the case of L-tryptophan and Mevalonic acid,
5-methyl tryptophan also could not restore the tryptophan
synthetase activity, inhibited by high levels of inorganic

phosphate (Table 48),.
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SECTION -~ L

Influence of co-factors of IDMAT synthetase on

growth and alkalold production in Evolvulus

suspension cultures.

Dimethylallyl pyrophosphate : L-tryptophan dimethylallyl
transferase (DMAT synthetase), the first enzyme in the pathway
of ergot alkaloids catalysing the formation of Q-CK,K-
dimethylallyl)~ tryptophan (DMAT) from Dimethylallyl pyrophosphate

and L-tryptophan could not be studied 'since Radio Tracer

facility was not available. However, the influence of Fe2+,

2+ 2+

Mg=" and Ca“  which are known to activate the DMAT synthetase

was examined on total slkaloid biosynthesis. The control

2+ 2+ 2+

medium contained Fe™ , Mg~ and Ca~ at the concentrations

of 0,1 mM, 1.5 mM and 3 mM respectively. Measured aliquots

of cell suspension weighing 200+#20 mg tissue by fresh weight
were transferred to 25 ml of MS medium (supplemented with

2.0 mg/l 2,4~D and 0.4 mg/l kinetin in addition to 2% sucrose)

2+ 2%+

containing 6 mM or 10 mM of Ca“ , 3 mM or 6 mM of Mg

2

and
1 mM or & mM of Fe“t to examine the effect of these co-factors
separately on alkaloid production. The culture vessels were
incubated at 25+2°C in continuous light for 25 days; after
which they were harvested to determine growth and alkaloid

production. The results are presented in Table 49 and Fig. T,

Cultures containing higher levels of ca¥(6 mM and 10 mM)
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had a promotory effect on alkaloid production., 10 mM Ca2+

stimulated the highest production of alkaloid. The growth of
tissue by fresh weight and dry weight, however, was suppressed

at the higher level of Ca’’ tested (Table 49 and Fig. 74).

2* at 3 mM concentration did not have any marked

Mg
effect on growth of tissue; but alkaloid synthesis was
increased considerably. On the other hand, 6 mM concentration

2

of Mg + had an inhibitory effect on growth of tissue, without

any influence on the allkaloid production (Table 49 and Fig. 74).

Fe2+

at 1 mM concentration did not have any appreciable
effect on growth of tissue; but the alkaloid production was
considerably enhanced. However, the higher concentration of
Fe? (4 mM) inhibited the growth of tissue as well as alkaloid

production (Table 49, Fig. 74).
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Table - 49, Effect of different levels of calcium, magnesium and
iron on growth and alkaloid production in E. alsinoides
suspension cultures. N

Inoculum : 200+20 mg tissue by fresh weight (dry weight 11.06 mg)
in 25 ml of MS medium containing 2% sucrose and
supplemented with 2.0 mg/l 2,4~D and 0.4 mg/l kinetin and

(A) Control - (Fe, 0.1 mM, Ca, 3 mM, Mg, 1.5 mM)

(B) Ca** - 6 mM (c) ca™™- 10.mM

(D) Mgt - 3 mM (E) Mg™*- 6-mM

(F) Fe** = 1 mM (&) Fe™- 4 myM
Incubation : 25 days at 25+2°C in continuous light.

W e Tty WA e eme R e s WeWR TR WA e TR M W MR SR MK G S WD R GRS WP BURR AN Mk SWEE WA S BT S e

Alkaloid

M M G Wee S I e Gma MWe e SRS SR BOW AN RGN SENE WSS AMEE NS GRS s AU M e W e R SWW MSM A Sea e

Data represents average of five replicates.,

Figures in pérenthesig represent standard error.

Treatment Fresh weight  Dry weight
( mg/cult. ) (mg/cult.) (%) ( pg/cult.)

A 3450.02 149.01 - 0.01 14.9
(+ 9.632) . (#2.123)

B 3482;1 149.87 0.014 21.0
(£11.654) (£3.813)

C 3001.2 128.71 - 0.016 20.6
(+ 9.164) (+2.187) )

D 3461,15... 148,9 0.013 19.0
(£10.056) . (+3.643)

E 2172.04 118.1 0.01 12.0
(+ 7.1418) " (+3.154)

F 3325.16 41,7 0.013 18.0
(£13.167) (£1.012)
(+ 5.081) (+£0.785)
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SECTION - M

Changesin growth and alkaloid production with

passages in culture of Evolvulus cell suspensions

It has been observed that the cells loose their morpho-
genetic potentialities as they age in cultures. Growth rates
of tissue as well as production of secondary metabolites are

also reported to decline with time,

In the present studies, the cultures initiated in early
1978 have undergone 24 transfers to freshly prepared media at
regular intervals of about 30 days. To check if any changes
have occurred in growth and alkaloid patterns of the tissues,
the tissues were assayed after every 4 subcultures for growth
and alkaloid determinations. The data is presented in Table 50

and Fig. 75.

The growth of tissue did not show any considerable change
in fresh and dry weights after 1st and 4th subcultures. Distinct
enhancement in growth was noticed at 8th and 12th subcultures.
Growth values showed slight decline at the 16th transfer. There
was, however, appreciable reduction in growth after 20th and

24th subcultures.

Similar pattern was observed with alkaloid produc%ion

also. There was no change in alkaloid contents in tissues
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Table = 50, Changes in growth and alkaloid production in serial
subcultures of E. alsinoides suspension cultures.

Inoculum : 200+20 mg tissue by fresh weight (dry weight 11.05 mg)
in 25 ml of MS medium containing 2% sucrose and
supplemented with 2.0 mg/l 2,4~D and O.4 mg/l kinetin.

Incubation ¢ 25 days at 25+2°C in continuous light.

S A G MeAS W WSS s Bwer GO GMe S TWW G G Swop  Weie MW SIS AW MR Ve TR M WOW SRS WS NW R Bee  Ser  Mea  mem  feee

Fresh weight Dry weight Alkaloid

subculture ( mg/cult. ) (mg/cult.) C% ) (Re/oult.)
1st 4092.6 198.8 0.012 23.8
(£14.761) (+3.528)
Lth 4006, 24 197.02 0.012 23.6
(+13.265) (+3.801)
8th 4214 ,62 205.02 0.015 30.7
(+11.164) (+3.236)
12th 4201.15 204,78 0.015 30.7
(+12.362) (+2.187)
16th 4001.1 196.12 0.012 23.5
(x10.865)  (x2.321)
20th 3500.01 150.73 0.01 15.0
(£11.021) (+3.001)
24th 3450,02 149,01 0.01 14,9
(+9.632) (£2.123)

o e mma mwem W S RS W e MR e e Smme e MW Swe BN MMM e fame M SO BN MR MNE MG e M SAS  SmR Semx  Gemt  Semw e

Data represents average of five replicates,

Figures in parenthesis represent standard error.
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after 1st and 4th subcultures. This was followed, as in
the case of growth, with increased alkaloid production
recorded after 8th and 12th transfers, both percentage-wise
and on yield per culture basis. After a slight reduction in
16th subculture, the alkaloid content registered decline at

20th and 24th transfers.
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