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Abstract - Employing enzyme systems obtained from Catharanthus roseus
cell cultures, experiments relating to the biosynthesis of various
bisindele alkaloids are described. Specifically, the enzyme-catalyzed
coupling of catharanthine (1) and vindoline (2) to a highly unstable
dihydropyridinium intermediate (9), important in the biosynthesis of
3',4' -anhydrovinblastine (3), leurosine (4), catharine (6), vinamidine
(7) and hydroxyvinamidine (8) is presented. Conversions of 9 to these
alkaloids and its role in the biosynthesis 1g discussed. Although
catharanthine is well utilized by the enzyme system, catharanthine N-

oxide (10}, an important intermediate in the chemical coupling of 1 and

2 to afford 9, 1s not utilized.

Our earlier studies with cell-free enzyme gystems from Catharanthus rogeug plantsz’3 showed
that 3'4'-anhydrovinblastine (3) can be obtained in an enzyme-catalyzed coupling of the
moncmeriec alkaloids catharanthine (1) and vindoline (2}, and that 3, under appropriate
conditions, can be converted into the naturally occurring bisindole alkaloids leurosine (4),
vinblastine (5) and catharine (6) (see Scheme 3). It was implied2 that the highly unstable
dihydropyridinium intermediate (9) could be important in terms of its role in linking the
blosynthetic pathways of 4, 5 and 6 with the starting alkaloids (1 and 2). It was clear that a
1,2-reduction of 9 by, for example, a NADPH-type enzyme system present in the cell free systems
obtained from €, roseus plants would afford 3. Although 3 could be a product of this type of

enzymatic reduction it would pot necessarily follow that 3 is a mandatory precursor on the
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blesynthetic pathway leading to &4, 5 and 6. Evidence for the direct involvement of 9 and/or 3
was difficult to establish in studies involving plant systems but with plant tissue cultures
which provide a more easily controlled system, lmportant information relating to this aspect
should be attainable. A recent reviewa summarizes briefly some of our studles in this
direction but it is now appropriate to discuss these studies in more detall and, in particular,

to present our most recent results which shed fmportant light on this aspect of biosynthesis of

bisindole alkaloids.

The first important objective of this study was to develop methodolopy for the actual detection
of the highly unstable dihydropyridinium intermediate 9 in order to study its eventual
appearance, if any, in the enzyme catalyzed coupling of 1 and 2. For this purpose, the
previously developeds'elmethod of coupling catharanthine via its N-oxlde intermediate (10} with
vindeline (2) to afford 3 {(Scheme 1) was investigated. It is clear from the mechanism involved
in this reaction that the intermediated formed must possess the dihydropyridinium structure 9.
Indeed when 2 and 10 are coupled in the presence of trifluoroacetic anhydride at -60°C in an
argon atmosphere, the volatile reagents carefully removed in wacuo at low temperature (-20°c),
the intermediate 9 can be trapped and analyzed by HPLC (820:M30H, 23:77 containing 0.1%
triethylamine as modifier, reverse phase C-1l8 column, retention time, 8 minutes with Flow rate,
1.5 ml/min)., With degassed solvents such as methanol, methylene chloride, acetonitrile,
dimethylformamide and tettrahydrofuran, the intermediate ¢ could be analyzed even at room
tempersture. With data on 9 on hand, the enzymatic coupling of 1 and 2 could now be properly
e;aluated in terms of rate of formation, if any, of 9, its biocconversion to other alkaleids,

ete.

Emplaying a stable cell line (coded as AG3), various incubetions with catharanthine and
vindoline were performed. Varlous preparations (crude cell free extract, supernatant fraction,
peliet fraction) as shown in Scheme 2, were utilized. Tables I and II summarize the data

obtained.

First of all, it was established that when 1 and 2 were incubated with the preparations shown
in Tables T and IT, the first intermediate formed in ghort time periods (5-10 minutes)

was ildentical with the chemically synthesized 9. Rapid biotransformation of 9 into the various
bisindole alkaleoids 4, 6, 7 and 8 then occurred. Clearly a multi-enzyme complex, still present
in our various preparations, was rapidly converting 9 into the higher oxidation products

leurosine {4), catharine (6), vinamidine (7) and hydroxyvinamidine (8). Vinblastine (5)
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was not observed in these experiments so that different enzymic systems are obviously involved

in the transformation of 9 to 5.

Age of culture is an important factor. Thus young cultures (5 days old) in early log growth

stage had the highest coupling activity ylelding 18% of bisindole alkaloids after a S5 hr

incubation in the presence of FAD and Mn012 ag cofactors (Table I). Other cofactors such as

Scheme 1. Mechanism for Goupling of Catharanthine and Vindoline,
Chemical versus Biclogical Route.
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Table I. Coupling of Catharanthine (1) and Vindeline (2) Employing Crude
Enzyme (C.F.E.) Derived from Varying Ages of C. roseus Cell
Cultures (AC3)?2

Age of | C.F.E.D Wt. of total Yield of Bisindole alkaloids identified
Culture| Protein conc.| Bisindole Coupling (%) |(Relative % of total dimers)f
(days) | (mg/ml) alkalgids
(mg) 4 6 7 8
5 crude® 12.5 18 1.9 27.4 7.2 1.4
(0.75)
5 u-C.F.E.4 3.2 4.6 7.8 29.7 8.1 2.5
(0.54)
9 crude® 9.9 14.2 2.1 | 22.4 7.2 1.4
(0.9)
9 u-C.F.E.9 1.8 2.6 3.0 | 11.7 2.2 0.6
(0.65)
12 crude® 3.9 5.6 1.3 8.7 - 4.9
(0.96)
12 u-C.F.E.9 2.3 3.3 2.2 | 10.7 1.3 -
(0.82) )
a

Incubation conditions: catharanthine (40 mg), vi&doline (40 mg), FAD (44 mg) .
MnCly (6.8 mg), C.F.E. (120 ml); incubated at 26  C for 5 h.

b c.F.E. prepared in 0.1 M phosphate buffer (pH=6.3) (Schehe g)

€ Crude C.F.E. referred to the supernatant fraction at 20,000g (20 min.) (Scheme 2)

4 4 _C.F.E. referred to the supernatant fraction at 150,000g (2 h)(Fractlon S, Scheme 2)
"% isolated by Sephadex LH20 column chromatography.

£

As determined by HPLC analysis

NADP and cobalt ion (Coclz), as well as reductants such as NADPH, B-mercaptoethanol, sodium
azide and dithiothreitol (DIT) were also evaluated. The reductants, in general, inhibited
gompletely the coupling of 1 and 2 and neither 9 nor any of the bisindole compounds 3, 4, 6, 7

and 8, were observed in the reaction medium even after longer incubation periods.

Tabie 1I provides a comparison of the crude cell free extract (C.F.E., Scheme 2) and the,
partially purified enzyme fraction (PP, Scheme 2) in terms of enzymatic coupling activity of 1
and 2 to afferd 9 and, in turn, the bisindole alkaleids, leurosine (4), catharine (6),
vinamidine (7) and hydroxyvinamidine (8). A decrease by 45% in the yleld of bisindole
alkaloids (compare 5.6% versus 10.2% in Table 2) was obsarved thereby revealing considerable

denaturation of the protein during attempted purification.
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Scheme 2, Procedure for Preparation of Crude Cell Free Extract,
Supernatant Fraction, Pellet Fraction and Partially
Purified Cell Free Extract.

£. roseus cell culturesd

1) Homogenize, in buffer®
2) Centrifuge

Crude cell free extract (C.F.E.)

1) (NHA)ZSOa precipitation
e 70% "gdturation
ultracentrifuge 2) Sephadex G25
Supernatant Pellet fraction Partially purified cell
fraction (8) (B free extract (PP)

a) Homogenization in potassium phosphate buffer (0.1 M, pH 6.3) or
Tris-HC1l buffer (0.1M, pH 7.5) in the presence of an equal welght of
Polyclar AT.

b} Centrifugation at 20,000 - 25,000 g for 20 min.

c) Ultracentrifugation at 150,000 g for 2 h.

d)  Al) processes were conducted at 4°C or lower,

L+
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Table II. Coupling of Catharanthine (1) and Vindoline (2) by Crude and Partiallya
Purified (P.P.) Enzymes (C.F.E.) of €. roseus Cell Cultures (AC3 line)

C.F.E.P |Wt. of [Wt. of J Wt. of |Wt., of {Wt. of Yield of |Bisindole alkalolds identified
{ml) Catharan-Vindeline] FAD MaCl, total coupling (Relative % of total dimers)
thine (mg) (mg) (mg) bisindole| (%)
(mg) alkalolds
& (mg) © 4 6 7 8
erude® 27 27 60 4.6 5.3 10.2 1 12.1 2.9 0.9
(80 ml)
?,p.8 30 30 67 5 2.9 5.6 4.3 15.3| 7.7 | 2.5
{90 ml)
8 Age of culture = 10 days in 1B5 medium.
L4 C.F.E. prepared in 0.1M tris -HCl buffer (pH=7.5). <{Scheme 2}
Incubation time = 5 hrs at 26°C
€ Protein concentration = 0.99 mg/ml
d Protein concentration = 1.05 mg/ml
®  Isolated by Sephadex LH20 column chromatography
f

As determined by HPLC analysis

Since we have established that the same conjugated dihydropyridinium inteymediate 9 is involved
in both the chemical coupling of catharanthine N-oxide (10) with vindoline (2) (Scheme 1) and
in the enzymatic coupling of 1 and 2, it was of interest to determine whether the N-oxide
intermediate may also be Involved in the enzymatic process. The N-oxide was prepared and since
it is known to be somevhat unstable and undergoes a thermal [2,3)-sigmatroplc rearrangement to
an oxazolidine (11)7. its stability in the various buffer systems containing the ‘cofactors
(Table 1) was evaluated. Under the usual incubation conditions, 10 was found to be stable, and
therefore 10 and 2 were utilized as substrates in the studies under conditions summarized in
Table 1, HPLC analyses revealed very little bilotransformation of the monomeric substrates and
neither 9 nor any of the bisindole products noted above were observed. A small quantity (ca
2%) of a product previously isclated as an oxidative metabolite of vindoline and asgigned the
structure 128 was cbtained, Tﬂesa results indicated that the N-oxide is pot an Intermedlate
and that a *biological” mechanism gomewhat different from that of the chemical coupling is
involved. An attractive alternative mechanism is proposed in Scheme 1. A

hydroperoxyindolenine intermediate 13, suggested in one of our earlier2 publications and
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Scheme 3. Overall Summary of Enzymatic Coupling of Catharanthine (1) and
vindeline (2) to Bisindcle Alkaloids.
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readily derived by well-known® enzymatic and biomimetic reactions of indole systems can in
fact, provide the game highly reactive iutermedlate 14 for spontancous cowpling with the
nucleephllic vindoline unit. The resultant product is the earlier established intermediate 9.

A comparison of chemical versus biological routes to 9 is provided In Scheme 1.

In conclusion, our studies have conclusively established the role of 9 and its fate in enzyme-
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catalyzed conversions to vafious bisindole alkalolds within the vinblastine family of
compounds. A better understanding of the bifosynthetic pathway is on hand. Clearly the present
study reveals that the more stable oxldative enzymes, responsible for conversions of 9 to the
higher oxidized products 4, 6, 7 and 8, predominate during enzyme isolation and attempted
purification. Finally, improvements in enzymatic yields of bisindole compounds from 1 and 2,

via 9, are highly desirable and such studies are presented in the accompanying publication,
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