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Abstract-Various precursors of colchlcme were added to cell suspension cultures of Colchicum autumnale and the 
formation of colchtcme alkaloids was examined. Phenylalanine, tyrosine and methlonine had no effect on the 
formation of colchicine, but p-coumaric acid, tyramine and demecolcine mcreased alkaloid formation. Production of 
colchlcine occurred at maximum level when both pcoumaric acid and tyramme were provided together, suggesting a 
synergistic formatlon. However, concentrations of p-coumarlc acid and tyramme were very low in the cultured cells m 
spite of high levels of phenylalanine and tyrosme Activities of trans-cmnamlc acid 4-hydroxylase and tyrosme 
decarboxylase, mvolved in the blosynthesls of both p-coumanc acid and tyramine, respectively, were very low m the 
callus tissues during growth, although light increased acttvlty of phenylalamne ammonia-lyase. We conclude that p- 
coumaric acid and tyramme are triggers for the formation of colchlcine alkaloids in Colchlcum callus tissues. 

INTRODUCTION 

Colchicme alkaloids occur m Colchicum autumnale cells, 
and are formed from phenylalanme, tyrosine and methlo- 
mne (Fig. 1). Tracer experiments have suggested that 
rmg A 1s derived from tyrosine and rmg C from phenyl- 
alanme and methionme provides the methoxyl groups 
[l-6]. trans-Cmnamlc acid and p-coumaric acid have 
been identified as Intermediates from phenylalamne, and 
tyramme was formed from tyrosme [5,7]. Androcymbine 
1s known to be a key intermedlate on the pathway to 
colchlcine but it has only been obtained from tissues of 
Androcymbrum melanthioides IS]. Demecolcine is a closer 
precursor of colchicme which 1s metabolized through 
demethylatlon and acetylation [9]. The biosynthetic 
pathway for colchlcine has been characterized m tracer 
experiments using intact Colchicum tissues 

In the previous paper of this series, we presented the 
effect of growth substances and nutritional factors on the 
formation of colchlcine in suspension-cultured Colchtcum 
cells [lo] Levels of colchlcme m the callus tissues were 
about ten times lower than those in intact corms. Further 
studies on the regulation of colchicme biosynthesis are 
required m order to increase colchicine production. The 
present commumcation examines the effect of several 
precursors on the formation of colchlcme alkaloids to- 
gether with measurements of several enzymlc activities 
involved m then biosynthesis. 

RESULTS 

Effects of colchlcine alkaloids and their amino acid precur- 
sors on the formation of colchlcine alkaloids 

*Author to whom correspondence should be addressed 

Smce colchicme alkaloids are synthesized from phenyl- 
alanme, tyrosme and methlonine, levels of ammo acids 
and colchicme alkaloids m cells at their exponential stage 
were determmed by HPLC analysis. Levels of colchicine 
were very low (90 PM), compared to those of phenylala- 
nine (1 15 mM) and tyrosine (0.7 mM) (Table 1). Further- 
more, demecolcine was hardIy detected in suspension- 
cultured Colchuxm cells This 1s in full agreement with 
earher experiments [lo] that callus tissues produce 
amounts of colchlcme alkaloids ten times lower than 
those in intact corms (0.5-l mM). 

In an attempt to increase the formation of colchicme, 
demecolcme was administered to suspension-cultured 
Colchrcum cells Adchtlon of this compound substantially 
increased colchlcme formation within a few days and 
maintained a high level during growth (116 pg/g fr. wt). 
However, addition of colchlcine mto the medium did not 
increase the formation of demecolcine and inhibited cell 
growth. The results confirm that demecolcme is a very 
close precursor of colchicme and suggest that formation 
of the latter 1s an irreversible process. Addition of either 
phenylalamne (1 mM), tyrosme (1 mM) or methionme (1 
mM) alone or in combination to the culture medium did 
not increase the concentration of colchlcine alkaloids. 
These results also suggest that the trigger for colchicme 
formation occurs m the biosynthetic pathway between 
the ammo acids and demecolcme. 

Effects of trans-cmnamlc acid, p-coumarrc acrd and tyr- 
amme on the formation of colchlcine alkaloids 

trans-Cmnamic acid which IS formed from phenylala- 
nine cataiysed by phenylalamne ammoma-lyase (PAL) 
occurs m suspension-cultured Colchtcum cells at extreme- 
ly low levels ( <2 PM) Addition of trans-cmnamlc acid 
(0.01~ 1mM) into the culture medium inhibited not only 
the formation of colchlcine alkaloids but cell growth 
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Fig 1 Blosynthetlc pathway of colchlcme alkalords 

Table 1 Amounts of phenylalanme, 

tyrosme, methlonme and colchlcrne. alkal- 
olds m suspensmn-cultured Colchtcum 

cells 

Precursor )“M 

Phenylalanme 1150 

Tyroslne 700 

Methlonme 79 

Demecolcme 0 

Coch1cme 90 

Table 2 Effects of colchune alkaloids and their am1 
acid precursors on colchlcme alkaiold formatlon 

Addltlve (1 mM) Demecolcme Colchlcme 

/g;gfr wt 

None 0 364 

Phenylalanme 0 224 

Tyrosme 0 154 

Methlonme 0 170 

Demecolcme 1160 

Colchxme 0 
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Table. 3 Effects of phenylalanme and tyrosme metabohtes on growth and 

colchicme alkalotd formatton 

Content 

Addttrve Fr wt of callus Demecolcme Colchtcme 

tmg/flask) Wg fr wt) 

None 

trans-Cmnamrc acid 
p-Coumartc acid 

Tyramme 
p-Coumanc actd 

+ Tyramme 

525 0 364 

120 0 14 

460 0 72 

440 0 90 

480 0 220 

(Table 3) This may be due to the toxicity of trans- 
cmnamic actd to the cells reported pre;iously [l 11. 

p-Coumaric acid which is formed from trans-cmnamic 
acid catalysed by trans-cinnamtc acid 4-hydroxylase 
(C4H) also occurs at extremely low levels (~2 PM). 
Addition of p-coumartc acid (1mM) increased colchicme 
formation to levels twice as those of control cultures 
(Table 3). Tyramine which is the tyrosme metabolite 
catalysed by tryosine decarboxylase (TDC) is found in 
Colchicum cells at low levels (0.8pM). Addition of tyr- 
amme (1 mM) increased colchicme formation to levels 
three times higher than controls (Table 3) These results 
strongly suggest that p-coumartc acid and tyramme are 
stgmficant precursors for the biosynthesis of colchicme 
alkaloids Formatton of colchicine occurs at maximum 
rate when both p-coumaric acid and tyramine are pro- 
vided together, indicating that one enhances the effect of 
the other This implies that concurrent conjugation of 
two metabohtes IS required durmg the synthesis of col- 
chtcme alkaloids These results suggest that the bio- 
synthesis of p-coumaric acid and tyramine is rate limttmg 
to colchicme formation in suspension-cultured Col- 
chlcum cells 

Changes rn enzyme actwlties 

Several enzymic activmes which may be involved in 
the btosynthesis of p-coumartc acid and tyramine were 
determined m cells grown with or without light PAL and 
C4H activities are required for the biosynthesis of p- 
coumartc acid from phenylalanme. Levels for these en- 
zyme activities were 0.3 x 10e3 units/mg protein and 3 
x 10m6 umts/mg protein, respectively. The level of C4H 

activity was extremely low (about 10m6 umts/mg protein) 
compared to those in intact parsley and carrot cells 
[12-141. The pH optima for PAL and C4H activities m 
Colchzcum callus enzyme preparation were 8.8 and 6 0, 
respectively There is no report on the levels of TDC 
acttvtty m higher plants, but bacterial TDC activity 
contams usually 10m3 umts/mg protein [lS] which 1s 
much higher than that m Cokhicum callus tissues (10m9 
umts/mg protein) The activities of PAL increased mar- 
kedly only m the light-irradiated (9000 lx) cells at one day 
but declined soon to the basal level. This is in full 
agreement with earlier observattons [ 12, 131 that PAL is 
spectfically induced on trradtatton of suspension-cultured 
plant cells. However, the activities of C4H did not in- 
crease m the irradiated cells. Prolonged cultivatton with 
light dtd not evoke the activities, although C4H can be 

induced by light irradiation in suspension-cultured par- 
sley cells [12, 131. These results suggest that the meta- 
bolism of phenylalanme is blocked at the pathway be- 
tween trans-cmnamtc acid and p-coumartc acid by low 
levels of C4H activity. Also, the activities of TDC did not 
increase in light-irradiated cells. These assays (Table 4) 
after light irradiation were consistent with the low levels 
of colchtcine alkaloid formation in light irradiated sus- 
pension-cultured Colchlcum cells [lo] The results show- 
ed that levels of both C4H and TDC activities are ex- 
tremely low m the cultured Colchtcum cells and, thereby, 
the biosynthesis of p-coumaric actd and tyramine is 
probably rate limiting for the formatton of colchicme 
alkaloids. 

DISCUSSION 

When both p-coumartc acid and tyramme were pro- 
vided together, colchtcine formation occurred at a maxi- 
mal rate (Table 3), similar to that m intact corms [lo] 
Therefore, tt may be concluded that p-coumartc acid and 
tyramme are triggers for the alkaloid production. In fact, 
levels of C4H and TDC activittes were extremely low 
compared with those m other plant tissues [13-151, 
although during growth PAL activity was similar to that 
in other plant cells [13] PAL could be induced by light 
but C4H and TDC could not (Table 4) Our results are in 
full agreement with a previous paper [lo] showmg that 
light irradiation did not increase the formation of colchi- 
tine alkaloids 

Thus, several precursors were added to culture 
medium and callus tissues were cultured in the medium 
for four weeks. The formation of colchtcine alkaloids was 
increased steadily during growth for ca six weeks High 
levels of colchicine accumulation were only observed 
within a few days after addition of demecolcine but not 

Table 4 Light-Induced actlvltles of PAL, C4H and TDC 

Light-Induced actrvtty 

Enzyme assayed 0 day 1 day 3 day 

acttvtty m the hght/actlvtty m the dark 

PAL 
C4H 

TDC 

1 IO 2 

1 1 1 

1 0.5 1 



1378 K YOSHIDA et ul 

by addition of ammo acid metabohtes during early stages 
of cultivation. p-Coumaric acid and tyramine were toxic 
to cell growth and InhIbIted colchlcme formatlon at 
concentrations above 10 mM Also, demecolcme and col- 
chlcme were highly toxic for callus cells at concentrations 
above 10 mM The results suggest that these precursors 
not only serve as colchlcme mtermedlates but play an 
Important role of cell growth in the metabolism of Co!- 
chfcum cells 

Only trace amounts of demecolcine were detected m 
Colchrcum callus tissues during cultlvatlon Since colchl- 
cme IS formed from demecolcme (Table 2), demecolcme 
turnover IS probably very high m cultured ColchIcum 

cells However, demecolcme occurs m C&hum corms 
m amounts equivalent to those of colchlcme. It seems 
that high levels of colchlcme accumulation induce the 
formation of demecolcme or metabolic levels of colchl- 
cme alkaloids change m cultured C&hum cells 

Colchlcoslde which 1s a glucosyiated- colcliicme couid- 
be formed from colchlcme However, colchlcoslde ap- 
peared only at low levels (2 pg/g fr wt m medium contal- 
rung 1 mM demecolcme, data not shown), where the 
amount of colchlcoslde formed was at most 2 pg/g fresh 
weight Neither demethyl colchlcme nor demethyl de- 
mecolcme were detected m the cultured tissues Further 
studies are now m progress on the formation of glucosyl 
colchlcme 

EXPERIMENTAL 

Culrure condrtrons Callus tissues Induced from flower shoots 
of C autumnale were cultured on the Murashlge & Skoog 
medmm [I 51 mndlfied as m ref [IO] CLI ! 25 mg fr w! of 
cultured calluses were Inoculated into a 50 ml Erlenmeyer flask 
contammg 10 ml of test medmm, after which the calluses were 
rVltu~~d ti. 25.- Qn_ x rotary shaker !n. the da& for. 4. wxks. AJl. 

expts were performed at the same growth stage of cells 
.&.&~er&s. Colch~~~q. dPmecolcmq_ tr~srannanuc a&_ p- 

coumarlc acid and tyramlne were purchased from Sigma Ammo 
acids were obtained from our company stocks 

Enzyme preparation Suspension-cultured C&h~cum cells 
(5Ofl.m& WPJIP_ g~onnd_ !n. I. ml. oL 0. !.5_M. sodnun phosphate 

buffer (pH 6 8) m a glass homogemzer The homogenate was 

centrifuged dt 1OOOq for 10m1n and the supernatant used as 
the eXzy.*e prqn. 

Enzyme arn~s. PA!_ actlctl.v~t.y. was assa_ypJt by. the methnd of. 

ref [l-7] Themwlbatlon~mlxt~ contamed !O mM phenylalamn~~ 

50 mM sodium borate (pH 8 8) and the enzyme prepn (ca 0 1 mg 
protem) m a total vol of 100 ~1 The mlxt was Incubated for 1 hr 

at 30- and the reaction terminated by adding 5 ~1 of 3M HCI 

The mlxt was centrifuged at 17000 9 for 15 mm to ehmmate the 

denatured proteins and the amount of trans-cmnamlc acid was 

determined by HPLC on Llchrosorb RP-18 Analysis was car- 

ried out using MeCN-MeOH- mM Na phosphate buffer (pH 
6),_ (4 1.1-r). Detesjmn. w;1s. hy 4 d. 290. nm. O.ne. um~ of the 

enqme~s ciefin~aasth~amnunt~that~~faly~the~ynthgs~rd I_ 
pmol of tran+cmnamlc acid/mm at 30” 

(14H~ activity was asuyed by the method d ref [1_8] The 

mcubatlon mlxt contained 330 PM tetrahydrofohc acid, 

I,7 ~IMNADP+, 3 1 mM~ glucose 4-phosphatf;~ 0 05 umts gll~- 

case 4-phosphate dehydrogenase and 1 mM tram-cmnamlc acid 

an~thsen7~,me~~n~(~~.~2mg~~t~n).~n_arntal_vnl. nllM,~l. 

The reactlon was carried out at 30” for 20 mm and was termmat- 

cdhy nddmp5 .u.~MH.CI. G~t~r~~~a6~m~n,.thPamniml.nfp- 

coumaric acid produced was determined by HPLC usmg the 

column described above Andlysls was carried out using 

MeCN-MeOH- mM Na phosphate buffer (pH 6). (1 1 18) 

One unit of enzyme 1s defined as the amount thdt catalyscv the 

synthesis of 1 pmol of p-coumarlc acld:mm at 30 

TDC actlvlty was assayed by the method of ref ll5] com- 

bined with the analytical method of ref 1193 The mcubdtlon 

mlxt contained I mM tyrosme, 0 I M acetate buffer (pH 5 6) and 

the enzyme prepn ((‘(1 0 5 mg protcm) in d total vol of 500 1’1 
Incubation wds at 3O’for 10 mm dnd the redctlon was stopped 

by bolhng the mlxt After centrtfugatlon. the supernatants were 

passed through a Cellcx P column and the amme\ lcolated 
fluorescence-ldbelled with fluorescdmme The amount of tyr- 

amme was determmed by HPLC usmg the column described 

above The fluorescence mtenstty was momtored at an emlsslon 

wavelength of 490 nm with the excttdtlon wavelength at 390 nm 

The mode of sepn used wds d hnear gradlent between 45 to 80% 

MeOH m 0 SM NH,Cl, 0 175 M Na benzensulphonate and 

30mM HOAc (pH4) One unit of cnzymc IS defined as the 
amount.t.hat.catal.yses.!hePy.nt.hlesl of. !. ~~.mol.of.t~.mmlne~m~n.~. 

30 

General merhods Ammo acids were analysed by HPLC using 

a 0-phthalaldehyde-labelhng system Protein wan determmed 
using the Blo-Rad Protem assay hlt 
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