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Abstract: A new enzyme -vinorine synthase- isolated from cell suspension cultures
of Rauwolfia serpentina, links sarpagine and ajmaline alkaloids by catalyzing the
acetyl-coenzyme-A dependent biosynthesis of the ajmalan skeleton from sarpagan type
compounds.

Previous investigations on the biosynthesis of sarpagine/ajmaline type alka-

loids in cell suspension cultures of Rauwolfia serpentina Benth. led to a detailed
1,2

understanding of several of the involved biochemical mechanisms
Whereas most of the enzymes catalyzing reaction steps of the sarpagan or
ajmalan route are now identified, the biosynthetic connection between the sarpagine
and ajmaline types was based entirely on theoretical considerations. As early as
1956 Woodward suggested3 that sarpagan alkaloids 1 bearing an endo aldehyde func-
tion at C-16 might act as biogenetic precursor of the ajmalan skeleton (compounds
2, 3) Indeed, the formation of the ajmalan characteristic C-7-C-17 bond can be
chemically achieved under strongly acidic conditions (5 N HCl) by generation of the
labile alkaloids 2, which subsequently can be stabilized by acetylation forming 3
(Scheme 1). This process exactly simulates the biochemical reaction providing the
biosynthetic link between sarpagine and ajmaline alkaloids, which is catalyzed by

the acetyl-CoA dependent vinorine synthase, described in this publication.

Sarpagan Type Ajmalan Type
OR
VR
H3C =

(Indolenine group)

1 1 Tetraphyllicine 4 (R = H)
1 (R" = H or CO2CH3) 2 (R2 =H or CO2CH3) Acetyltetra -

(R*=H) phyllicine 3(R=Ac)
3 (R‘ H or CO2CH3)

Scheme 1 (R2= Ac)
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Our previous characterization of polyneuridine aldehyde esterase (PNA-

esterase) resulted in the isolation of the novel indole alkaloid lé-epi-vello-
simine 7. The alkaloid 7 meets the indispensable steric requirement [16(5) confi-
quration] for the elaboration of the C-7-C-17 bond of ajmaline compounds. There-
fore 7 (1.4 Pmol) was incubated in 6 ml KPi (0.1 M, pH 6.2) for 90 min in presence
of acetyl-CoA (30 Pmol) and 12 mg of a "crude enzyme extract" obtained from R.
serpentina cell suspensions as recently described6. Ethyl acetate extraction of
this mixture and TLC (solvent: acetone/diethylamine/petroleum ether = 1/1/3)
showed two compounds; vellosimine ﬁﬁ(R)]-spontaneously formed by epimerisation

of Z— and an alkaloid exhibiting identical TLC behaviour and CAS (ceric ammonium
was optical inactive in contrast to 2 found in cultured R. serpentina cellsg.
prompted us to carry out a detailed spectroscopic analysis of the in vitro synthe-
sized 9. To obtain sufficient amounts of 2 the above incubation was scaled up 12-
fold, and 7 was generated in situ during the incubation, from 15 Fmol polyneuri-
dine aldehyde 6 and 65-fold purified PNA-esterase (10 nkat). Vinorine ¢ ( 1.5 mg,
enzyme activity 150 pkat/mg protein) was isolated, purified by TLC and spectros-
copically investigated: UV)\max 220,266 nm, Amjn 241 nm; MS (70 eV) 334 (M+, 32),
291 (M7-43, 51), 275 (30), 182 (32), 169 (72), 168 (100), 154 (20) m/z; lH—NMR9,
[a]SO: -30%: 3° (c:0.10810, CHClS). All spectra are superimposible with those ob-
tained for vinorine 2 isolated from R. serpentina cells or synthesized from ace-

tyl tetraphyllicine 211’12. 7011

They are also in agreement with published values
except for the reportedpﬂ-value.

To obtain further information on the enzymatic conversion of 7 — 92 vino-
rine synthase was partially purified by two chromatographic steps employing
DEAE-cellulose and AcA 54 gel chromatography. Protein fractions were rvoutinely
monitored for synthase activity in the presence of 10 nmol 6, 40 pkat PNA-ester-
ase, PHJ—acetyl-CoA (10 nmol, 2.5 x 10~2 fCi) in a total volume of 0.2 ml. After
30 min of incubation at pH 7.5 the mixture was extracted with ethyl acetate and 2
determined by scintillation counting of the organic phase. At this purification
stage the 46-fold enriched vinorine synthase exhibited the following enzyme cha-
racteristics; an apparent molecular weight of 32000% 10% (determined by gel chro-
matography), an isoelectric point at pH 4.4 and a pH optimum at pH 8.5. It is
interesting to note, that in addition to published exper]’ments4 the non-enzyma-
tic ring closure of 7 and of related compounds can also be achieved under rather
physiological conditions but obviously not at pH 8.513.

In order to obtain evidence for the complete sequence 7 —» 9, we attempted
to identify the expected intermediate 8. However 8 thus far has not been isolated
from the enzyme reaction mixture containing only 7 and the synthase. This suggests
a high lability of the 17-OH-indolenine 8. This observation is in accard with the
fact that alkaloids of type 8 have never been synthesized nor they have been

isolated from plants]4
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Studies on the specificity of vinorine synthase clearly indicate, that 7

is the true biogenetic precursor of 9 and that only alkaloids bearing an endo

aldehyde group act as substrate. The corresponding Na—methylated alkaloids are

however enzymatically inactive (table), supporting our earlier suqqestjon15 that
Na-methylation takes place as a final step in the ajmalan biosynthesis.
Substrate rel.Enzyme act. Substrate rel.Enzyme act, Substrate rel . Enzyme act,
(%) (3) (%)
OHC _y OHC~—H 0,CHy
1 ||
. (100) " , (nd) (n.d.)
H i
= H3C 3
16-epi-Vellosimine 21-Deoxyajmalal A°®

OHC H

- L (85)

Gardnerai'’ Methyl—gardneral17 Voachalotine aldehyde

Table:Substrate specificity of Vinorine synthase (n.d,=not detected,detection limit <1%)

OHC.,_-COzMe
[ PNA-esterase
N HY
x
Polyneuridine aldehyde 6 16-epi-Vellosimine 7 Deacetyl -vinorine 8

Acetyl-CoA / vinorine

/ H CHoOH OAc synthase

10-Deoxy -sarpagine Vinorine 9 Scheme 2

As summarized in Scheme 2, lé-epi-vellosimine 7 is a branch point in the
biosynthesis of sarpagine and ajmaline alkaloids leading on one hand to vinorine

9 and on the other to lO—deoxy—sarpaqineG.
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