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Abstract-A number of benzophenanthridme alkaloids are mduced in suspension cultures of Eschscholtz~~ cahformca 
after treatment with an elicitor prepared from yeast extract. The formation of the alkaloids sanguinarme, chelerythrine 
and macarpme has been studied m relation to, elicitor concentration, mcubatlon time after ehcitatlon, and culture age. 
A significant portion of these alkaloids IS released mto the medium. Sanguinarme and chelerythrme reach maximum 
levels a few hours after the time of ehcltation Thereafter, their levels decline and the amount of macarpme increases. 
Viability of elicited cells, as determined by their subsequent growth, IS not significantly reduced There IS a good 
correlation between induced tyrosme decarboxylase activity and alkaloid formation 

INTRODUCTION 

Fungal ehcltors have been widely used to induce second- 
ary metabolism m plant cell suspension cultures. The 
formation of phytoalexms m response to elicltatlon has 
been most extensively studied [l, 21. An increased 
production of alkaloids m various plant cell suspension 
cultures has also been observed after treatment with 
microbial elicitors [3-51. In particular, It appears possible 
to induce isoqumolme alkaloids in cell suspension cul- 
tures [S-S]. 

A carbohydrate preparation from yeast extract induces 
increased berberme and benzophenanthrldme alkaloid 
production m cell suspension cultures of Thalrctrum 
rugosum [7] and Eschscholtzia cahfornica [9], respect- 
ively. Recently other workers using a yeast ehcltor were 
able to induce benzophenanthrldme alkaloid formation 
m cell cultures of Eschscholtzra [lo]. Furthermore, It has 
been shown that the mductlon of lsoqumoline alkaloids 
m plant cell cultures IS accompamed by an mductlon of 
the enzyme tyrosme decarboxylase (TDC) [ll, 123 A 
possible role of this enzyme in lsoqumohne biosynthesis 
has been suggested [ 1 l] This hypothesis 1s supported by 
the results reported m this communication We now 
report on the dynamics of benzophenanthridme alkaloid 
formation in suspension cultures of E californica after 
treatment with a yeast ehcltor 

RESULTSAND DISCUSSION 

Cell suspension cultures of E. calzfornica have been 
shown to produce various benzophenanthridine alka- 
loids [13]. The concentration of alkaloids m the culture 
was dependent on the culture conditions used 
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Treatment of suspension cultures of E callfornrca wtth 
the yeast ehcltor results m a rapid colour change of the 
culture We assumed that this change m colour was due to 
the formation of benzophenanthridme alkaloids. In order 
to test this assumption samples from ehcited cells were 
analysed for alkaloid content by Ion-pair reversed phase 
HPLC (Fig. 1). The non-elicited sample (Fig. 1 A) contam- 
ed very low amounts of the alkaloids sanguinarme, 
chelerythrme and macarpine. However, m the sample 
taken SIX hr after addition of ehcltor (Fig. 1B) relatively 
large amounts of sangumarine and chelerythrine were 
present, while a sample taken 48 hr after ehatation 
contained low amounts of these two alkaloids but sigmfi- 
cant amounts of the related alkaloid macarpme (Fig. 1C). 
Obviously, sanguinarine and chelerythrme are accumu- 
lated only transiently 

Non-induced cells of E califormca produced only trace 
amounts of the three alkaloids, sangumarine, cheleryth- 
rme and macarpme over a 60 hr incubation period (Fig. 2) 
(at the beginning of which, the cultures were 7 days old). 
Furthermore, only low levels of tyrosine decarboxylase 
were found m cell free extracts of non-induced cells. 

After elicltatlon, on the other hand, a rapid increase m 
TDC activity was observed (Fig. 2B) Maximum enzyme 
actlvlty was seen three hr after addltlon of the elicitor. 
Subsequently, the cells produced slgmficant amounts of 
the three benzophenanthridme alkaloids studied (Fig. 
2B). The maximum levels of sangumarme and cheleryth- 
rine were reached SIX and eight hr after ehcitatlon, 
respectively. Significant amounts of sangumarine were 
only present m the culture during a relatively short period 
of time Twelve hr after ehcitatlon this alkaloid had been 
almost completely metabohzed to other alkaloids or 
catabohzed It may be pointed out that sangumarme 1s a 
direct precursor of the end product macarpme (‘5,12- 
dlmethoxy-sanguinarme’) as shown by Takao et al. [ 143 
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Fig 2 Time course of changes m TDC activity and alkalmd 

content m suspension cultures of E cnl~forn~ca A Non-mduced 
cells; B ElIcItor treated cells (50 fig carbohydrate/g fr wt of cells) 
V 9, TDC ZGiWtji, S-S, sangumanne, e-m *, &&rytti- 

rme, A -- A, macarpme 

Chehrubme (‘12-methoxy-sangumarme’) IS the mtermedl- 
ate between these two alkaloids and therefore It may be 
assumed that one of the umdentlfied peaks m Figs 1 B and 
1C represents chehrubine 

Chelerythrme was also metabohzed or broken down 
by the cell cultures, although more slowly, and after 48 hr 
little chelerythrme was left m the cultures. Chehlutme 
(‘12-methoxy-chelerythrme’) could be a product of this 
possible converston The presence of chehrubme and 
chelilutme in Eschscholrz~a cultures after treatment with a 
yeast ehcltor has been reported [lo] 

It IS mterestmg to note that a major part of the 
alkaloids produced 1s excreted mto the medium as 
shown for chelerythrme m Fig 3A. Its relative dlstnbu- 
tlon between cells and medmm IS depicted m Fig. 3B. 

1xubot.m time (hr) 

Fig 3 Time course of chelerythrme formatlon m ehcltor-trea- 

ted cells (50pg/carbohydrate/g fr wt of cells) of 
E ~ulrforruca A Total extractable chelerythrme (O), amount of 

chelerythrme found in medmm (II) and amount of chelerythrme 

found m cells (A) B Relative dlstrlbutlon of chelerythrme I” 

cells and medtum 

When a high concentration of chelerythrme was present 
m the culture (5-8 hr after ehatatlon) at least 75% of the 
alkaloid was found m the medmm A similar pattern was 
observed for sanguinarme (data not shown) At the end of 
the mcubatlon (60 hr after ehcltatlon) more than 50% of 
the end product macarpme was found m the medium 

After separation of cells and medmm at any time 
during the mcubatlon, the concentratron of alkaloids m 
the medmm remained constant, mdlcatmg that there are 
no catabohzmg enzymes (e g peroxldases) present m the 
medium The fact that macarpme accumulates m the 
medium also Indicates that no breakdown occurs extra- 
cellularly The disappearance of sangumarme and cheler- 
ythrme from the medium may therefore be due to uptake 
by the cells This posslblhty IS now being mvestlgated 
by feedmg experunents with non-induced and ehcltor 
treated cultures of E cul&?rnrc~~ 

The effect of ehcltor concentration on macarpme for- 
mation IS shown m Fig 4 Maxlmum mductlon is ob- 
tamed at a carbohydrate concentration of 30 /lg/g fr. wt 
of cells. Maxlmum TDC actlvlty IS also observed at this 
ehcltor concentratron. The results shown m Fig 4 were 
obtained 48 hr after ehatatlon, when only macarpme was 
present m significant amounts Other experiments, where 
alkaloid content was measured SIX hr after ehcltatlon, 
showed that the optimum ehcltor concentration for san- 
gumarme formatlon IS also 30 /rg carbohydrate/g fr. wt of 
cells At this point it may be pomted out that the time 
course of disappearance of sangumarme and cheleryth- 
rme varies somewhat between experiments c f Figs 2 and 
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Elmtor concentratron tpg/g fr wt) 

Fig 4. TDC actrvtty and alkalotd formation as functions of 

ehcttor concentration The samples for TDC acttvtty and alka- 

lotd determmattons were taken 3 and 48 hr after ehcnatton, 
respecttvely Ehcttor concentratton IS expressed as pg carbohy- 

drate/g fr wt of cells V--V, TDC-acttvtty, W-m, sanguma- 

rme, O-O, chelerythrme, A-A, macarpme 

4. The chelerythrme concentratron 48 hr after elicitation 
is around 0.1 and 0.4 mg/g dry wt of cells, respectively, m 
these two experiments 

The effect of ehcttor concentration on some other 
parameters has been investigated as summarized in Figs 5 
and 6. A decreased conductivtty of the medium was 
observed after addition of ehcttor (Fig. 5) indicating that 
no extensive cell lysis occurs upon elicitation. Conse- 
quently, the release of alkaloids mto the medium, to the 
extent observed (Fig 3), cannot be accounted for by cell 
lysis and must be due to release from intact cells It IS clear 
from Fig. 5 that an increase m medium pH and cell 

respiration is observed after ehcitatton An increased 

respiration was also observed in cells of T’halictrwm 
rugosum producing berberme after addition of the yeast 
elicitor [7]. 

Moderate concentrations of elicitor (less than 100 pg 
carbohydrate/g fr. wt of cells) resulted in a somewhat 
Increased biomass formation over a 7 day incubation 
period (Fig 6A). This effect IS only observed when the 
elicited cells are transferred to fresh medium wrthm a 
short time period (24 hr) after elicitation If the cells are 
left in a ‘spent’ medium after addition of ehcttor a slight 
decrease m biomass formatton 1s seen after 48-60 hr (data 

s 
744 . 124 X. 

Etrcrtor concentratton tpg/g fr wt) 

Fig. 5 Conducttvtty and pH of medmm and cell respnatron as 

functrons of ehcttor concentratton Measurements were taken 

24hr after ehcttatton A-A conducttvtty, W-U, pH, O--O, 
respiration 
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Fig 6. Cell growth and alkalotd yield as functtons of ehcttor 

concentratton Fresh medmm was added to the cells 24 hr after 

ehcttatron Dry wt and alkalotd content were determmed 7 days 

after addmon of fresh medium A. m-m, dry wt, O-O, 

hydratton Index, A-A, pH B m-W, chelerythrme; A-A, 

macarpme 

not shown). A similar effect was observed for T rugosum 
cells after ehcttation [7]. 

On the other hand, at higher concentrattons of elicitor 
(100 and 200 pg carbohydrate/g fr. wt of cells), decreases 
m biomass and hydration index are observed after a seven 
day mcubatton period (Fig. 6A). The change m cell size 
may be explained by the fact that the morphology of the 
culture 1s altered At high elicitor concentrations the 
cultures are highly aggregated. The aggregation of cells in 
combmatton with the availabthty of an energy source 
(sucrose) may be responsible for the significantly higher 
alkaloid concentrations observed at these elicitor concen- 
trations (cf. Figs 4 and 6B). In conclusion, the yield of 
alkaloids may be considerably improved by supplying the 
ehcited cells with fresh medium (energy source). 

Finally, TDC and alkaloid formation is maxtmally 
Induced at late exponential or early stationary growth 
phase (data not shown). A similar pattern was observed 
for the mductton of TDC [l l] and berberine synthesis m 
cultures of T. rugosum [7]. 

EXPERIMENTAL 

Chemds Sanguinarme and chelerythrine were supplied by 

Roth (FRG), Gamborg’s B5 medmm by Flow Laboratones 

(Scotland) 
Culttuatron ofcells. Stock suspenston cultures of E californrca 

were culttvated on a rotary shaker (120 rpm), in the dark at 26”, 

in Gamborg’s B5 medmm supplemented wtth 10 mg/l 2,4-D, 

0.1 mg/l kmetm, and 2% w/v sucrose. Cells were transferred to 

fresh medmm every seven days at an moculum density of 7.5 g fr 

wt per 100 ml culture medmm. 
Preparation ofellcltor Ehcttor was Isolated from yeast extract 

(Gtstex-X-11, Roba AG, Basel) as described by Hahn and 

Albershetm [ 151 The concn of carbohydrate (as determined by 
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the orcmolkulphurlc aad- metliod- rl61 with glucose as ret&- 

ence) m the coned extract formed after 60% EtOH pptn (the 

‘ehcitor’) was 6 0 mg/ml Before it was added to cell cultures, the 

ehcttor preparation was filter sterilized 
inductron with eiicrtor Unless otherwise stated, the elicitor was 

added to cultures when they were 7-days-old at a concn of 50 pg 

carbohydrate/g fr wt of cells 
Trmc course oj TDC-L;(.tlvlty and alkalord productum after 

el~rtur~on An appropriate number of suspension cultures m 

250 ml flasks, contammg 70 ml medium, were set up from pooled 

stock cultures At time 0, two flasks were taken and determi- 

nations were made of the fr and dry wt of the cells, and the 
conductivity and-pfiofihe medium c’lls and.medium were then 

frozen In Iiquid‘N; tbr mcactivity and’alkalbid’anauysis cater 

Some of-the remammg Kasks were treated- with elicitor (3tJpg 
carbohydrate/g fr wt ofcells) At appropriate times non-induced 

and Induced flasks were harvested and treated ds the ttme 0 

samples 
Imc-~&nirj, nnd /likai& $rmat~nn~ m reJ&nn to &~rar 

concentratum Suspenston cultures were set up from pooled stock 

cultures as described above Three flasks were taken to deter- 

mme~ the mean_ fr wt+ and the remammg flasks were d~wted 

at different carbohydrate concentrations (four replicates per 

concn) After 3 hr half of the cultures were harvested for deter- 

mmatton ol^l?Xactivity and-alter 4Xtir, the remammg culiures 

were harvested and determmations were made of fr wt, dry wt, 

and alkaloid content of cells and medium 
E&Y oJ ehcltor concentratmn on medrum pH and conductlctty 

and on cellrr~p~arron Measurements were carried out 24 hr after 

ehcitation IO cultures prepared as above 
Efict of elrcltor concentratzon on .&sequent growth and alka- 

lold productron At time 0 h-day-old stock cultures were pooled 

and divided mto ahquots of 10 ml in 25 ml flasks These were 

ehcited at various carbohydrate concentrattons (3 replicates per 

concentration) After 24 hr. the cells were transferred to 100 ml 

flasks contammg 30 ml fresh medium, 7 days later, determm- 

ations were made of medium pH and fr and dry wt of cells, and 

alkaloid content of cells and medium 
Effect of culture aqe on response to ehcrtatlon On day 0, 

cultures were set up from pooled stock cultures m the normal 

way On this and the followmg 8 ddys, one flask was elicited 

After 3 hr, a sample was removed from this and a non-ehcited 

flask for TDC activity measurement, and 48 hr later, the alkaloid 
content of the cells and medium m both flasks was determmed 

Analyttcal procedures Fr wt Cells werecollected by filtration 

under reduced pressure onto a nylon net (50 pm) Dry wt 

Samples of known fr wt were dried at 50’ on preweighed Al fo11 

until constant wt Respiratton Cells (200 mg fr wt) were sus- 

pended m Hz0 (5 0 ml) The mixture was saturated with an and 

respiration measured with an 0, electrode TDC activity was 

determmed m crude, desalted, enzyme extracts (without ammo- 

mum sulphate fracttonation), as described [I-?! Conductivity 

Determined immediately after removal of cells with a conduc- 

tivity meter (Orion Research, US A). Alkaloid extractton Cells 

(I-2 g fr wt) wereextracted with MeOH (30-50 ml) by refluxmg 

The filtered MeOH extract was evapd to dryness at 40” under 

red pres The restdue was dissolved m MeOH (I 0 or 2 0 ml) and 

its alkaloid content analysed by HPLC The total cell culture 

medium was extracted with EtOAc (3 x) after admstment of the 

pH to 9 0 (with 10 M NaOH) The combmed EtOAc extracts 

were dried with dry Na,SO, and evapd to dryness at 50”. under 
red pres The residue was dissolved m MeOH (1 0 or 2 0 ml) and 

analysed- 6y HPIX? Alkaiotd- identification Sangumarme and- 

chelerythrme isolated from culture extracts were identdied by 

their UV spectra and co-chromatography with standard samples 

in all of the TLC and HPLC systems described below Macar- 

pine, extracted~ from ceil cultures. was identified by its UV and 

‘H NMR spectra TLC In both systems sihca gel plates (Kiesel- 

gel-60, Merck, F R G ) were used, and detection was by fluor- 

escence after excitation at 366 nm System A toluene_MeOH 

(5 I), system B toluene-MeOH (50 I) HPLC System A thrs 

was the method used for determination of the alkalord content of 

culture extracts Column Nucleostl CX 7 ,um 250 x46 mm 

Precolumn Nucleosll C8 5 pm 20 x 4 6 mm The mobile phase 

consisted-ot- A Aq 5_mM- 1.-pentanesulphomc acmsodium sali, 

and’ IlIrnM I’-octanesul‘ptiomc acid’sodium salt adjusted’to pFi 

L8w1th ortho-phosphoric acid; and.B. M&N Gradient system 
0 to 5 mm 40% B, 5 to 6 mm 40 to 50% B, 6 to 1 I mm 50% B, Ii 
to 20 mm 50 to 67”/0 B, 20 to 24 mm 67 to 80% B, 24 to 26 mm 

80% B, 26 to 27 mm 80 to 40% B, 27 to 30 mm 40% B Flow 

E&E I_ mi:mm~ Detectxm iiV ti 280 nm~ @ien_ Y il‘iriumn~ 

Hypersil Silica 5 pm 250 x 4.6 mm PrecoIumn Hypersil Sihca 

5 pm 20 x 4.6 mm Mobile phase hexane--toIuene-MeOH 
(93 6 1) Flow r,ite. 1 ml,‘mm Detection UV ate Xtl nm~ 
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