
HETEROCYCLES, Yo1 27, No. 3, 1988 

ALKALOID PRODUCTION IN lXY&m USE&$ (L.) 0. DON CELL 

CULTURES. XVI'. BIOTRANSFORNATION OF 3' ,4' -ANHYDROVINBUSTINE 

WITH CATHARANTHUS USE&$ CELL. CULTURES AND ENZYME SYSTWS 

James Peter Kutnep, Bmno Botta, Camille Andre Boulet. Carlos 

Albert0 Buechi, Lewis Siu Lermg Choi, Jerzy Golinski, Maria Gumulka, 

Gary Mawell Hewitt. Gin Lee, Michael HcHugh. Jun Nekano. Tamotsu 

Nikaido, Jun-ichi Onodera. Ileane Perez. Philip Salisbury, Plahatam 

Singh, Roger Suen, and Hiroki Tsukamoto 

Dapt. of Chemistry. The University of British Columbia, 2036 Main Mall, 

Vancouver. B.C., Canada V6T 1Y6 

- Employing cell cul.turee of roseus and enzyme 

systems derived from such cul.turos, a detailed study of the biotrans- 

formation of 3',4'-anhydrovinblestine (3) is described. It is shown 

that enzymatic conversion of 3 to the isolated end products, the 

bisindole alkaloids leurosine (4). vinblastine ( 5 ) ,  catherine (6). 

vinamidine (7) and hydraxyvinamidine (8) proceeds in- to the a 

dihydropyridinium intermediate (9) obtained when the monomeric alkaloids 

eatharanthine (1) and vindolhe (2) are enzymatically coupled. These 

data establish that the ovsrmll biosyntheric pathway to the bisindole 

alkaloids proceeds from 1 and 2 t o  the initially formed 9 and the latter, 

under enzymatically controlled oxidation-reduction, affords the alkaloids 

3-8. However, when 3 is incubated as substrate, the enzymes are capable 

of utilizing and converting Lt into the alkaloids 4 - 8 .  In summary. 3 is 

a direct hiosynthetic prmcursor of 4 - 8 .  

In the previous accompanying publieations1'2, we described our studies with cell-free enzyme and 

immobilized enzyme systems derived from -us roreua cell cultures and the ability of 

such systems to couple catharanthine (1) and vindoline (2) to afford various bisindole 

alkaloids. One of the alkaloids, 3'.4'-anhydrovinblastine (3)(Scheme 1) was formed as a major 

product especially when the enzyme incubation mixture was reduced with NaBH4 just prior to 



workup. It was of interest and importance to determine if 3 was indeed a bioaynthetic 

precursor to the various other bisindole alkaloids obtained, for example, leurosine (4), 

catharine (6), vinamidine (7) and hydroxyvinemidtna (8) (Scheme 1). and ~ t h e r s ~ ' ~ "  

had shown earlier that if 3 is administerad to cell-free extracts derived from 

~ l s n t s ~ - ~  and cell  culture^'.^, it is converted to leurosine ( 4 ) ,  catharine (6) and 

vinblastine ( 5 ) .  There latter studies merely indicated that 3 could be utilized as e substrate 

in enzymatic transformation to these compounds but clearly did not establish its precursor role 

if any. With our recent studies and particularly with tho recognition of tho dihydropyridinium 

intermediate (9) as the firsf-fonned bio-intermediate in the enzymatic coupling of 1 and 2 .  ;he 

role, if any, of 3 becomes an open question. For this reason, further studies concerning the 

biotransformation of 3 with our more highly developed cell lines and/or enzyme systems became 

highly desirable. 

Initial expsrimentn with 5 .  T-T-SSUS w l l  culeures, that is, whole calls, were perforned ro 

obtain data on the biotransformation of 3. Such parameters as age of culture versus enzymatic 

activity to biotranaform 3 were evaluated. It was shown that younger cultures (5-10 days old) 

showad a lower enzymatic activity in biotransforming 3 than did older cultures (13-25 days 

old). In these experiments, in addition to leurosine (4), vinblastine (5) and catharine (6) 

obtained in our earlier studies with enzymes from C. roseus plants3r4 and cell cultures 7'8, 

two additional metabolites, vinamidina (7) and hydroxyviasmidine (8) were observed. Indeed the 

latter two compounds were often the major metabolic products, thereby revealing a high level of 

"oxideee and/or peroxidase" activity in our cultures. 

In order to determine whether the enzymes responsible for these biotraneformations are present 

within the cells and remain there during the entire culture period (5-30 days in the nutrient 

madium), a series of "spent" medium experiments were carried out. Filtration of the cell 

material after a given growth period provided the "spent" madium which was simultaneously 

evaluated with the whole cell culture (calls and medium) for their activity to biotransform 3. 

Enzymatic activity in the "spent" medium is minimal when a short growth period, for example, 5 

deys is involved. On the other hand, older cultures, for example, 18-30 days old, which showed 

high degrees of cell lysi~, under microscopic observation, provided "spent" madium samples with 

significant enzymatic activity. Table I summarizes our results with the AC3 line in which 

calls in their early stationary phase (18 deys old) ware utilized. Parallel whole cells and 

"spent" meuium incubations with 3 were carried out simultaneously. In both cases, the 

subatrate 3 was completely converted after 15 h. Analyses of the metabolites obtained 
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Table I. Biotransfonaation of 3'.4'-anhydrovinblastine (3) by E. XEeSS 

cultures (call line AC3) in 1-85 medium.' 

Biotrans- Incubetion Wt. of Wt. of Wt. of Recovered Metabolites 
formation time (h) substrgte basic basic 3, (a)  identified 
medium 3 (mi) cell super- and % Yield 

extract natant 
(mg) extract 

(mg) 

Whole 
cells 15 160 182.2 145 Trace 5. 1.1% 

< 1 4, 8.3% 
6 .  13.3% 
7 .  12.0% 

"Spent" 
medium 15 140 140 0 4. 2% 

6, 4.7% 
7, 3.6% 
8. 23% 

a 
Age of culture - 18 days 
Concentration of substraee - 100 mg/l, added as hydrogensulfate salt 

showed some differences in the ratio of the major products. In the whole cell experiment. 

cacharine (6) (13.3%) and vinamidine ( 7 )  (12%) were the main metabolites, while hydroxy- 

vinamidine (8) (23%) was the major product obtained on incubation with the "spent" medium. 

Of particular interest was the isolat'lon of vinblastine (5) (1.1%) in the whole cell experiment 

but not in the "spent" medium axperimmt. This result suggested that tha desirable enzyme 

syrtem(8) for the transformation of 3 to 5 ere associated with tho cells that ere in early 

stationary phase and that this enzyme systam(s) may not be stable once released into the 

aulture medium. Furtbermora, enzymat:lc processes which occurred within the cells could have 

the benefit. of secondary metabolites synrhesis and sttorage stabilized by comparfmentation10 co 

minimize catabolism and degradation. The enzyme mixtures preaent in the "spent" medium do not 

provide such protection, so that the final metabolites obtained represent the overall 

biotransformations by the predominant enzymes present. 



With the above data on hand, our attention turned to studies involving biotransformation of 3 

with enzyme systems derived from G. roseus cultures utilizing the purification procedure. 

outlined in the accompanying publication2 (see Scheme 2). Employing HPLC methods described 

earlier2 it was possible to monitor carefully the course of biotransformation of 3 and 

formation of metabolites at reaction time intelvals in time course studies. 

Table 11. Biotransfomation of 3 by cell-free enzymic systems from C. 

1 cell cultures (cell line AC3) . 

Age of Type of 6 Conversion I of 9 after Max. Incubation 
Culture cell-fr e oi 3 eftor 6 h 6 h level of time in h m  
(days) extract ' incubation incubation 9 (8) required to 

reach max. 
level of 9 

Cell-free extracts and biotransformations were carried out in 

phosphate buffer (0.1 M, pH 6.3). FAD (1 eq.) was added and 

experiments conducted at 26' C. 

C - crude cell-free extract: S - supernatant fraction after 
ultracentrifugation at 150,000 g: P - pellet fraction after 

2 
~ l t r ~ ~ ~ ~ t r i f u ~ ~ t i ~ ~  at 150,000 g (Procedure is Schema 2 ) 

The number in parenthesis refers to the 6 conversion of 3 at the time 

when maximum level of 7a was observed. 





In order to obtain information related to enzyme stability within the cell system and to 

establish differences in enzymatic activity in various ages of cultures, we performed 

experiments with a number of suspension cultures grown in bioroactars (up to 30 1 size). Thase 

cultures were harveeted at different times around tho transition period between late log growth 

stage and early stationary phase (10. 12 and 14 days old), frozen and stored at -20' C for 

various periods of time (up to one year). Them frozen cultures were then used to prepare the 

2 corresponding cell-free enzymic extracts (Scheme 2)  end analysed for activity to transform 3. 

Employing the diraet HPLC monitoring techniques, it was found in all instances that complete 

disappearance of 3 occurred after an incubation time of 2 to 6 h with the above cell-free 

enzymic extracts and containing 1 equivalent FAD at 26-30' C. When these incubations were 

conducted at 0' C, rate of biotransformation decreased threefold and conversion of 3 required 

mora than 6 h. 

Careful HPLC monitoring of the above incubations revealed chat the first bio-infermediace in 

the biotransformation of 3 is idenfical with the dihydropyridinium intermediate 9 synchesized 

unambiguously via the Polonovski reaction2 (Scheme 1). In summery, the enrymaric coupling of 

catheranthine (1) and vindoline (2), as shovn in the accompanying publications1", and enzymatic 

biotransformation of 3 provide the m initial biointermediets 9. 

Having established the formation of 9 in the initial step in the biotransformation of 3, it was 

important to understand the rate of formation of 9, its acemulation, if any, and the rate of 

its conversion to the various bisindole alkaloids. Tables I1 and I11 summarize a detailed 

investigation which addresses these issues. From Table 11, it is clear that the highest 

activity to biotransform 3 is seen in the crude call free extract from a 5 day old culture with 

accwulation of the biointermediate 9 reaching a meximum level (538) after 3 h. HPLC analyses 

of the products obtained showed leurosine (4), catharine (6). vinamidino (7) and 

hydroxyvinamidine (8). 

In the next series of experiments (Table 111). the effect of using a slightly basic buffer 

2 
(Tris-HC1, 0.1 M, pH 7.5) in the preparation of the cell free extract (Scheme 2 ) on 

biotransformation activity was evaluated. Further, purification by precipitation with amoniwo 

sulfate (70%), desalting on Sephadex 625 to give n partially purified (PP) sample and the 

effect of manganese ions was established, In summary, little difference in biotransformation 

activity is shown in phosphate ( p ~  6.3) and ~ris-HC1 buffers while Mn+' ion increases 

biotransformation of 3 (75% varsus 84( in 6 h). The level of formation of 9 appeared similar 

in both ~tudies. The purified (PP) system has a U?QK enzptic activity. HPLC 
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analyses revealed the prseenca of the above-noted bisindole products. Of special interest is 

the presence of vinblastine (5) in the biotransfo-tion of 3 with the crude cell free extract 

b.!& lt with the PP cell free extract. This supports the deduction mentioned earlier that the 

enzymic systems responsible for transforming 3 to 5 are quits unstable, so that deactivation 

can readily occur on further processing. The other metabolites identified included leuronine 

(4), catharine (6), vimidine (7) end hydroryvinaoidlne (8). similar to those obtained in 

above-mentioned cell and "spent medium" biotransformation of 3. 

The low yield of vinblastine (5) obtained in tho above studies, thus far, may be rationalized 

in several ways. These are: a) higher instability of the required enzymes to elaborate 9 to 5 

and therefore destruction of enzymic activity during the isolation processes as summarized in 

2 Scheme 2 ; b) rapid conversion of 5, once formed, by tho predominant oxideso. present, to 

higher oxidation products. Indeed soma information pertaining to (b) is on hand from our 

2 recent studies. When vinblestine was incubated with a crude cell-free extract (Scheme 2) with 

FAD (1 equivalent) as co-factor at 26" C, direct HPLC monitoring revealed a rapid 

biotrsnsformatim (30% in 30 minutas and complete conversion in 3 h) to other products. 

Subsequent separation of the reaction mixture indicated >501 yield of vinamidine (7). 

Hydronyvinamidine (8) was not observed so its production, as noted in the above experiments. 

must derive from iminium 9 via other undetermined intermediates. In summary, the low yield of 

5 is due, at least in part, to this rapid oxidative conversion to 7. 

In conclusion, the above studies clearly demonstrate that 3',4'-anhydrovinblastine ( 3 )  is 

the true biosynthetic precursor of the bisindole alkaloids. It is rather one of the products 

formed by 1. 2-reduction of the dihydropyridinium intermediate 9 and if incubated with en 

appropriate enzyme system merely raverts to 9 and the latter fhan undergoes biotransfomation 

to the bisindole alkaloids 4-8. Therefore ehe inrermediate 9 is che L X ~  biosynchetic 

precussor when the starting alkaloids catharanthine (1) and vindoline (2) are employed as the 

biosynthetic building units. 

It should be noted that in Scheme 1 in this publication as well as in the accompanying 

another iminium intermediate 9a is proposed in attempting to rationalize one 

possible pathway from 3 andlor 9 to the alkaloid catharine (6). We have no direct evidence for 

the existence of 9a in any of our incubation experimants. 

Finally, the results of the and thls ~~blication add important information to the 

overall understanding of the hiosynthesis of this family of bisindola alkaloids. It is dear 



Scheme 1. Overall Summary of Blotransformation of 3',4'-Anhydrovinblastine (3) to 
Bisind~le Alhaloids. 

L E U R O S I N E  

(4) I 
" -, 

C A T H A R I N E  (6) 
u.0 a< c-:*- A. 

R = H .  V I N A M I D I N E  (7) 
R = O H .  H Y D R O X Y V I N A M I O I N E  (8) 

that enzvmatic o o m a l  of the multi-step process from 1 and 2 and/or 3 to 9 and, in turn, to the 
t 

alhaloids 4 - 8  must be realized through specific enzyme isolation before appreciable yields of 

1 end products can be obtained. We have already shown that a high yielding enzymatic system for 

the coupling of 1 and 2 to afford 9 and finally 3 and 4 can be achieved through immobilization 

methods. It is hoped that further studies will achieve a similar system for vinblastine 

production. 
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