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Abstract-Strictosidine synthase, the enzyme which catalyses the stereospecific condensation of secologanin and 
tryptamine to H-3&S)-strictosidine, the key intermediate in monoterpenoid indole alkaloid biosynthesis, was purified 
to homogeneity from suspension cells of Rauuoljia serpentina (920-fold purification, 35% yield). The specific activity is 
184 nkat/mg. The isolated enzyme is a single polypeptide, M, 30000, possessing a 5.3% carbohydrate content. The 
enzyme has a pH-optimum at 6.5, a temperature optimum at 45”, isoelectric point at pH 4.5, and apparent K, values 
both for tryptamine and secologanin of 4 mM. The enzyme was immobilized and has, in this form, a half-life of 100 days 
at 37”. 

INTRODUCTION 

Indole alkaloids represent, from a medical view point, one 
of the most important groups of plant derived natural 
products. The vast majority of these (up to now 1500 
known) indole alkaloid structures are synthesized from 
the common and first intermediate of the pathway: 
strictosidine [l, for review see 23. This gluco-alkaloid 
with H-Sa(S)configuration is formed by the stereospecific 
condensation of tryptamine with secologanin (Fig. 1). 
The enzyme catalysing this condensation reaction was 
discovered and named strictosidine synthase by us [3]. It 
was purified from Catharanthus roseus cell cultures ca SO- 
fold and characterized [4]. 

This enzyme from periwinkle cell culture was sub- 
sequently purified to apparent homogeneity but was 
found to split into four distinct multiple forms which were 
difficult to characterize individually [5]. The occurrence 
of strictosidine synthase in a number of cell culture 
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Fig. 1. Reaction sequence catalysed by strictosidine synthase, 

also indicating the assay principle employed during purification 
of the enzyme. 

systems was subsequently verified [e.g. 4, 6-101. The 
enzyme can most conveniently be assayed by the release 
of tritium from [2-3H]fryptamine during the conden- 
sation reaction with secologanin [4]. The synthesis of the 
labelled substrate [4], however, obviously proved too 
tedious for biologists so that other assay systems for this 
enzyme were developed recently [ 111. In an attempt to 
study the molecular biology of alkaloid biosynthesis and 
to learn about the organization of genes involved in 
secondary metabolism, it was necessary as a first step to 
purify strictosidine synthase to homogeneity. Because of 
the occurrence of multiple forms of the synthase in 
Catharanthus we purified the enzyme from R. serpentina 
suspension cultures which had previously been optimized 
to give large amounts (1.6 g/I medium) of indole alkaloids 
such as raucaffricine [12]. 

The present report describes the isolation of milligram 
amounts of strictosidine synthase from R. serpentina,‘in 
which species no isoenzymes or multiple forms of the 
synthase are observed. 

RESULTS 

Purification of strictosidine synthase 

Strictosidine synthase was found to occur in a number 
of our cell suspension cultures [4]. However, because of 
the high yield of Rauuoljia alkaloids synthesized in alka- 
loid production medium [12], R. serpentina cell suspen- 
sion cultures were suspected to contain the highest yield 
of strictosidine synthase. This culture was therefore used 
to investigate the growth parameters and time course of 
enzyme formation. The enzyme is present in the inoculum 
(day 0) in only small amounts (Fig. 2). The activity in- 
creases slowly to peak at day 12. In contrast dry weight 
increase peaked at day 10 and maximal enzyme activity is 
therefore reached in the stationary growth phase. Suspen- 
sion cultures were consequently harvested at day 12 of the 
growth cycle and cells of that age used for purification of 
the synthase. The purification of the enzyme from shock 
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effluent discarded. The loaded column was washed with starting 

buffer (25 mM K-Pi, pH 6.5) until the extinction was less than 0.1. 

The bound enzyme was eluted with starting buffer containing 

1 MNaCl. The elution peak was collected until absorbance 

reached 10% of its maximum value. To prepare the eluate for 

hydrophobic interaction chromatography, solid NaCl was ad- 

ded to the protein soln to a final concn of 15% NaCI. To remove 

pptd material the soln was centrifuged at 13 000 9 at 4” for 20min 

(Sorvall RC-SB, GSA rotor, 9000rpm). The soln was then 

pumped onto a column of phenyl-Sepharosc CL-4B (Pharmacia) 

at a flow rate of 4ml/min at 4”. The column was washed with 

starting buffer containing 15% NaCl until no material absorbing 

at 280 nm could bc detected in the eluate. Bound material was 

desorbed with starting buffer containing no NaCI. The eluted 

protein peak was collected and dialysed overnight against 5 I 

HPLC-buffer (25 mM Tris-acetate, pH 6.5) at 4”. The dialysed 

protein soln can be stored over several months at -20” without 

any activity loss until use for enzyme isolation by the final two 

HPLC-steps. Ion exchange chromatography by HPLC was done 

on a 10 x 250 mm DEAE (SPSOO) column (Serva) at a flow rate 
of 1 ml/min at 4”. 15ml of the concentrated protein soln 

(= 1OOmg protein) were applied to the column per run. Adsorb- 

ed protein was eluted with a gradient varying from 0 to 5OOmM 

NaOAc. The eluate was monitored at 280nm and fractions of 

2ml each were collected. For further purification the active 

fractions (24ml, 16mg protein) were subjected to GPC-HPLC 

on a 21.5 x 600mm TSK (G3OOOSW) column (LKB) at 4” at a 

flow rate of 1.5ml/min. The chromatographic parameters 

(sample volume: 2mI, protein content: 1.3mg, flow rate: 

1.5ml/min) were selected according to Kato et al. [17,18] to 
reach best resolution. The column eluate was monitored at 

280 mm and automatically fractionated in steps of 2 min (3.0 ml). 

Strictosidine synthase containing fractions of 12 runs (72 ml) 

were pooled and coned to 2.6ml by ultrafiltration in a 25ml 

Amicon-cell. 

Enzyme assays. Strictosidine synthase activity was measured 

by the published procedure [4] and by a slightly modified 

version [S]. Strictosidine glucosidase and unspecific glucosidase 

activities were determined according to ref. [13]. 

Analytical procedures. The purity of the isolated enzyme was 

controlled by analytical gel permeation chromatography HPLC 

and analytical isoelectric focusing electrophoresis. For analytical 

GPC-HPLC, 20~1 of the enzyme (15pg) were rechromato- 

graphed at a flow rate of 1.5 ml/min under the conditions given 

above. Symmetry of the elution peak and absence of other peaks 

indicated homogeneity. For isoelectric focusing 10~1 of the 

enzyme preparation (7.5pg) were applied to ultrathin poly- 

acrylamide gels (Servalyt precotes, Serva, Heidelberg) and analy- 

sed in the ranges pH 3-10 and 4-5 on a thermostated Multiphore 
electrophoresis unit (LKB) at 8”. Separation parameters and 

protein staining procedure with Serva Blue W (Serva) were 

performed according to the manufacturer’s instructions. As a 

reference 10 ~1 of a 3% soln of a protein test mixture according to 

[19] were co-analysed on each gel. For SDS gel electrophoresis 

the published [20] system was used. The method introduced by 

Bradford [21] was employed for the determination of protein 

concentrations with BSA as standard; for pure preparations the 

determination by 260/280nm was employed. For Schiff-staining 

in ultrathin IEF-gels the protein was denaturated after the 

electrophoretic separation with 20% TCA for lOmin, washed in 

distilled water (10 set) and equilibrated in ice-cooled 7.5% 

HOAc (5min). Carbohydrate cleavage was achieved by sub- 

merging the gel for 5 min in O.Z%periodic acid at 4”. Then it was 

rapidly transferred to ice-cold Schiff’s reagent and incubated for 

10min in an ice-bath in the dark followed by several 5 min 

washes in ice-cold 10% HOAc until the background was almost 

colourless. Stained gels were air-dried and remained unchanged 

for several months. To determine the carbohydrate content of 

the synthase the quantitative procedure described by Spiro [22] 

was employed using glucose oxidase and horseradish peroxidase 
as reference proteins. To identify the sugar components of the 

enzyme 1 mg strictosidine synthase was hydrolysed with 2N 

trifluoroacetic acid for 90min at 120”. After vacuum drying the 

hydrolysate was dissolved in 100~1 1 M NH,. 1 ml 2% NaBH, 

in DMSO was added and the mixture incubated at 4” for 90min. 

Unreacted NaBH, was quenched with lOO$ HOAc. 2 ml Ac,O 

and 200~1 1-methylimidazole were added for acetylation. The 

reaction was stopped by addition of 20ml ice-cold Ha0 after 

15min. After an additional lSmin, the acetylated sugars were 

extracted with CH,Cl,and analysed on a GC-column GP 3% 

SP-2330 on 100/120 Supelcoport (St&co) at 225” and 

30ml/min Ar with FID-detection. 

Radioactive compounds. [7-3H]Secologanin was synthesized 

and purified according to ref. [23] from [7-sH]secologanol by 

Jones oxidation. 
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