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Abstract-Crude enzyme obtained from suspension cultures of Catharanthus roscus catalysed the coupling of 
vindohne and catharanthme to form dimeric indole alkaloids. Substantially improved yields were realized through the 
use of flavm mononucleotide and manganous ion in the reactlon mixture With the optimized conditions, ca 25% of 
the substrates were converted to 3’,4’-anhydrovinblastine. 

INTRODUCTION 

Vmblastme and vmcnstme, dlmerlc mdole alkaloids from 
Catharanthus roseus, are proven clinical drugs for the 
treatment of various leukemlas, Hodgkin’s disease and 
solid tumours. These alkaloids are among the most ex- 
pensive drugs because of their relatively low abundance 
m Intact plants. It was our objective to study the enzy- 
matic synthesis of dlmerlc mdole alkaloids from vmdo- 
hne and catharanthme, two maJor alkaloids m C. roseus 
plants (Fig 1) 

In uzuo and zn uztro studies with C. roseus have shown 
that vindohne and catharanthme can be coupled to 3’,4’- 
anhydrovinblastme [l-3], and the latter, in turn, was 
convertible enzymatlcally to leurosme, catharine, and 
vmblastine [4] However, the overall yield of coupling 
products reported was low (0 9%) [ 11. In oluo feeding of 
catharanthme and vmdoline to seedlings resulted in a 

yield of 2.6% [2] 
We report here on the detection and optimization of 

the enzyme system involved m coupling of vmdolme and 
catharanthme m cell suspension cultures of C. roseus 
Yields of couphng products were remarkably enhanced 
by optimizing the reaction conditions. 

RESULTS AND DISCUSSION 

Effects of cofactors and metal zons 

The effect of various cofactors on the coupling reaction 
was examined. Those tested were: NAD, NADH, NADP, 
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FMN, FAD, ATP, ADP, AMP and CAMP. Only the 
riboflavin denvatives, FMN and FAD, gave detectable 
amounts of the dlmerlc alkaloids, leurosine and catha- 
rme, with a total conversion yield of l-2%. 

Effects of metal ions on coupling m the presence of 
FAD were also studied (Table 1). Substantial amounts of 
vmamidine and 3-(R)-hydroxyvinamidine, oxldatlve pro- 
ducts of 3’,4’-anhydrovmblastine, were detected upon 
addition of manganous chloride (MnCI,) to the reaction 
mixture The total yield of these products was l&15%, 
which was ca 10 times higher than the control value 
(without the metal salt) Manganous ions rather than 
chloride ions seemed to be responsible for this stimula- 
tion because other chloride salts did not enhance the 
yield Ammonium, calcium, copper and nickel ions, at the 
concentrations used, showed inhibitory effects on 
coupling. 

Optimization studies for dimeric alkaloid production 
were carried out by using either FAD or FMN and 
MnCI, In the presence of MnCl,, both FMN and FAD 
showed similar effects on dimer formation. In both cases 
the main products were vinamidine and 3-(R)- 
hydroxyvmamldine. FMN was adopted for further stu- 
dies, and the optimum concentration for coupling was 
from 0.5-2.0 mM (Table 2). The decrease m yield at a 
high concentration of FMN (5 mM) might have resulted 
from the drop in pH (to 6 2). 

Effects of varying MnCI, concentrations were also 
examined (Table 3) A concentration of 1 mM was opti- 
mal since higher concentrations did not further enhance 
the amounts of dimerlc alkaloids formed. 

Time course of enzyme reaction 

A typical time course of dlmerlc alkaloid formation is 
shown in Fig 2 During the early periods of incubation 
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Table 1 Effects of metal tons on dimer formatron 

Metal salt 

Control 

NaCl 
KC1 
(NH&SO, 
CaCl, 
MgSO, 
FeSO, 
COCI, 
ZnSO, 
cuso, 
NICI, 
MnCl, 

Concn (mM) 

300 
220 
130 

10 
10 
1 
1 
1 
1 
1 
1 

Relative yteld 

of dtmers (%) 

100 

82 
71 
49 
43 

143 
90 

180 
71 
47 
48 

1120 

The reactton mixture contamed 0 5 mM FAD Amounts of 

total dtmers (sums of amounts of vmamtdme, 3-(R)- 
hydroxyvmamtdme, leurosme, and catharme) are expressed rela- 

ttve to the control (no metal salt added) value 

Table 3. Effects of MnCl, concentratton on dtmer 
formatton 

MnCl, concn (mM) 
Relattve yield 

of dtmers (%) 

01 64 

10 100 

100 102 

The reaction mtxture contained 0 5 mM FAD 
Values are expressed relattve to the value at 1 0 mM 

Table 2 Effects of FMN concentratron on dtmer 

formatton 

FMN concn Relattve yield of dtmers 

(mM) (relative value) 

01 89 
05 100 
20 106 
50 69 

The reaction mtxture contamed 0 5 mM manga- 

nous chloride. 

Values are expressed relative to the value at 

OSmM 

(l-3 hr) leurosine and catharme were detected as well as 
vmamtdine and 3-(R)-hydroxyvinamidme, but their am- 
ounts were relatively small and they disappeared with 
longer mcubation ttmes Formatton of 3-(R)- 
hydroxyvmamtdme, a major product, reached a 
maximum at 2 hr then gradually decreased whtle the 
amount of vmamtdine, the other mam product, contm- 
ued increasing, even after 12 hr 

Effects of pH and buffers 

The effect of pH was studied using Trts-HCl and MES 
buffers (Fig. 3). The optimum pH for vmamtdme and 3- 
(R)-hydroxyvmamidine formation was pH 6.8 MES buf- 
fer mhibited the formation of couphng products. Also, 
potassium phosphate and HEPES buffers showed in- 
hibitory effects on couphng (data not shown) 

Tii(hr) 

. 3 - (R) - Hydroxyvinamidme 

q Vmamidme 

Fig 2 Ttme course of enzyme reactton The reaction mixture contamed 1 mM FMN and 1 mM MnCl, m 

Trts-HCl buffer (100 mM, pH 6 8) 

mo 27:5-I 
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Fig 3 Effects of pH and buffers on chmer formatlon The reactlon rmxture contamed 1 mM FMN and 1 mM 

MnCI, Values are expressed relattve to those obtamed at pH 6 8 in Trls-HCI n 3-(R)-Hydroxyvmamlde, 

0 wnamldme 

Non-enzymatlcformatlon of dlmerlc alkalotds 

Leurosme and catharme (and sometimes small amounts 
of vmamidme and 3-(R)-hydroxyvmamldme) were non- 
enzymatlcally formed upon Incubation of vmdohne and 
catharanthme with FMN (or FAD) and MnCI, (Table 4) 
The total conversion observed was comparable to that of 
the enzymatic reaction in the presence of MnCl, 

Isolatzon of 3’,4’-anhydrovinblastme 

In terms of vmblastme (VLB) and vmcrlstme (VCR) 
synthesis, it would be preferable to produce 3’,4’- 
anhydrovmblastme rather than Its oxldrzed derlvatlves 
(Ieurosine, catharme and vmamldme) To prevent oxlda- 
tlon of AVLB, and as an attempt to convert at least some 
of the oxldlzed products to AVLB, mild reduction proce- 
dures were employed. Addltlon of an excess amount of 
NaBH, to the reaction mtxture, after the reactlon, re- 
sulted in the lsolatlon of a substantial amount of AVLB. 
A detailed mode of actlon will be described elsewhere. 
The maxlmum yield of AVLB (ca 25%) was achieved 
after 1.5 hr incubation (Fig 4) Longer Incubations re- 

sulted m a rapid decrease of AVLB, and oxldlzed de- 
rivatives of AVLB appeared. P7 (Fig 4) 1s an unidentified 
dlmerlc alkaloid which might be a reduced form of 3-(R)- 
hydroxyvmamldme formed by NaBH, treatment. 

Although the presence of enzyme activity catalysmg 
the couplmg of vmdohne and catharanthme to dlmerlc 
alkaloids has been demonstrated, this is the first report 
showing accumulation of a substantial yield of coupling 
products with an enzymatic system Isolation of AVLB m 
large amounts may open the posslblhty of economical 
production of the antltumour agents, vmblastme and 
vmcrlstme through enzymatic methods. 

At least two reaction steps are mvolved m the forma- 
tion ofoxldlzed derivatives of AVLB such as vmamldme 
and 3-(R)-hydroxyvmamldme First, vmdohne and cath- 
aranthme are coupled to form AVLB, then the latter IS 
oxldlzed From the results so far obtained, It 1s difficult to 
Judge how many enzymes are involved m this overall 
pathway Involvement of a non-enzymatic step m the 
pathway must also be considered, as the evidence of non- 
enzymatic couplmg was demonstrated (Table 3) De- 
tailed mechanisms of the reaction should be clarified by 

Table 4 Enzymatic and non-enzymatic formation of dImerIc alkaloids 
- 

Specific actlvrty (nmol/mg protem/hr) 
Enzyme MnCl, Leu Cat VmOH Vin Total 

+ + 044 0 51 1426 1 87 17 14 
i- _ 073 0% 131 

Bolled + 1 79 042 3 52 
Boiled ._ 0 38 027 065 

_ + 211 080 -- 291 
_ - 0 54 024 -. 0 78 

Leu = Leurosme, Cat = catharme, VmOH = 3-(R)-hydroxyvmamtdme, Vm 
=vrnamldme, MnCI, concn = 1 mM 
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l AVLB 

Tune(hr) 

Ftg 4. Ttme course of AVLB formation The reaction mixture consisted of 5 mg enzyme, 0.5 mg catharanthine 

HCI, 0.5 mg vmdohne, 1 mM FMN, and 1 mM MnCI, m 6 ml Tris-HCI buffer (100 mM, pH 6 8). 

studytng both steps separately. The first step (i.e. forma- 
tion of AVLB) will be discussed further in our next paper. 

EXPERIMENTAL 

Cell suspension cultures. A selected cell hne, JWM*, was ob- 

tamed from Dr W G. W. Kurz (Plant Biotechnology Institute, 

Saskatchewan, Canada) Thts suspension culture produced a 
large amount of catharanthme. The cells were mamtamed m 

Murashige and Skoog medium [S] wtth 1 mg/l NAA and 1 mg/l 

kmetm (60 ml medium m a 250 ml Erlenmeyer flask) on a rotary 

shaker (130 rpm) at 25” and subcultured every 2 weeks Two- 

week-old cells were harvested and stored at -20” until used. 

Enzyme extractton Frozen cells were ground m a chilled 

mortar with two vols of Tris-HCI buffer (100 mM, pH 7) and an 

equivalent weight of PVPP. The ext was filtered through mira- 

cloth and centrifuged at 10,OOOg for 20 mm Protem was pptd 

from the supernatant with 70% satd (NH&SO, and obtained 

by centrtfugatton (10000 9, 20 mm) The protein pellet was 

dissolved m Trts buffer and then desalted on a Btogel P-6 

column equhbrated with the same buffer This desalted protein 

soln was used as the source of enzyme m the reaction All 

manipulations were performed at 04”. 

Determmatton of protem concentratton Protein concn was 
determined after ref [6]. Commerctal horseradish peroxtdase 

(Sigma) was used as standard 
Reaction condulons The reaction mixt consisted of 5 mg 

extracted protein, 1 mg catharanthme HCl, 1 mg vmdohne and 

cofactors m 6 ml Trts-HCI buffer (100 mM, pH 7) The reaction 

was carried out at 30” for 3 hr under static condrttons and 

stopped by adding 28% NH,OH (to pH 9) 
Akalold extractton. Alkaloids were extracted from the reac- 

tion mixt with EtOAc x 3. The combined extracts were evapd to 

dryness, the residue dissolved m 0.5 ml MeOH and then sub- 
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Jetted to Sephadex LH-20 gel filtration to separate dtmertc 

products from the substrates. The dimertc fraction thus obtained 

was evapd to dryness and dissolved m an approprtate vol of 

MeOH for TLC and HPLC assay. 

Product analysis by TLC and HPLC TLC solvent systems 

routmely used were (1) CH,Cl,-MeOH, 100 7 and (2) 

tbluene-Me,CO-MeOH-28% NH,OH, 56 20:4 1 Developed 
sthca gel plates (Baker, St 250F) were scanned at 280 nm with a 

TLC scanner (Shtmadzu, CS-930). HPLC was performed using a 

prog. gradient with H,O-MeOH from 9: 11 to 1 9 on a RP-8 
analytical cartridge maintained at 30”. Alkalotds were detected 

at 226 nm wtth a 340 nm ref. 

Identzjcatzon of alkaloids Dimertc alkaloids formed were identt- 

fied by 2-D TLC and colour reactions with ceric ammonmm 

sulphate [7]. R, on HPLC, UV spectra and MS. The converston 

yield was calculated by drvidmg the sum of the numbers of moles 

of each dtmeric alkaloid formed by the number of moles of 

vindolme incubated 
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