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AbsCrect - A summary of recent studies with various plant tissue cultures obtained from 

Catharanrhur roseus is presented. The main emphasis of the research program concerns 

the propagation of stable cell lines for the production of the alkaloids catharanrhine, 

vinblascine and vincrisrine. Related to these objectives are studied on rhe 

biosynfhesis and biorransformation of 3'.4'-anhydrovinblastine (26) in order to provide 

a better understanding of the enzymatic production of the above-mentioned bisindole 

alkaloids. Isolation of cell free extracts (crude enzyme mixrures) from such cultures 

and studies with these extracts are also presented. 

The large family of indole alkaloids with its diversity in structure and biological acrivity 

has stimulated and maintained the interest of numer,ous investigators for many years. Studies 

concerning isolation and scruccure elucidation of plant derived alkaloids, their synthesis end 

biosynrhesis have continued in recent years and it is highly likely that such investigetions 

will be actively pursued into the future. A much more recent development within this erea 

concerns the application of biotechnological methods. specifically plant tissue culture 

techniques, for the purpose of production of selected indole alkaloids. more detailed 

biosynthetic studies and investigations concerning enzyme related reactions.. Within this 

latter category, scudies involving the alkaloids of Catharanrhur roseus have received most 

attention. Our own program which was initiated approximately seven years ago has been directed 

toward several evenuen within the Catharanthus erea. These ere: 1) development of stable 

cell lines for the omduction of the alkaloids catharanthine and vindoline: 2) development of 

*This article is dedicaced to Professor G. Stork on the occasion of his 65th birthday. The 

author expresses to Gilbert his sincere wisher for continued good health so that he may have 

the opportunity to pursue his excellent chemistry for s long time. 



stable cell lines for the production of the clinical drugs vinblastine end vincristine (N-CH 
3 

in vinblastine replaced by N-CHO), either entirely by tissue culture methods or in combination 

with known synthetic chemistry methodology; 3) biosynthetic studies with such cell lines or 

with cell free extracts obtained from them; 4) enzyme reactions related to the aforementioned 

areas. Recent detailed articles provide an overall summary of our earlier studies so this 

review will emphasize only those avenues under present investigation and which undoubtedly form 

the baeis for future studies. 
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Much datahavebeen presented earlier about the nature and yields of alkaloids produced wirhin a 

given cell line. It is clear that many factors (pH, nature of medium, age of culture, etc.) 

are responsible for producing a given spectrum of alkaloids and that the types and particularly 

yields of alkaloids can be varied by appropriate parameter changes during cell growth 

Questions concerning reproducibility of such secondary metabolites by means of 

191 

plant cell 

~ i g .  1 ~eneral parcern of C. roseun tissue culcure in bioreaccor (cell Line 953). 
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cultures have been raised by various authors but we have found chat this is not a serious 

problem lZ appropriate parameters are controlled and carefully monitored. The general growch 

pattern of C .  roseus tissue cultures in a bioreactor can be sunmarired as shovn in Fig. 1. 

Thus measurement and monitoring of the parameters, pH, mitoric index, dry cell weight and 

alkaloid weight reveals important information about secondary metabolite production within a 

given >ell line. Thus elkaloid production generally maximizes when the mitotic index reaches 

essentially zero, pH has attained a constant level and cell weight has maximised - all of these 

occurring in the 14-21 day period in this particular instance. Alkaloid levels can vary with 

time and culture method (shake flask versus bioreector), as shown in Tables I and I1 for a 

specific cell line ( 9 5 3 ) .  Similarly, the spectrum of alkaloids produced. (structures 1 - 14), 
and their relative concentrations as monitored by HPLC (Fig. I ) ,  varies with rime. 

iable I. Alkaloid yields from batches of 953 line 5. JZSE cell 
cultures 

s ~ m p l r  culcurc m n h d  wr,ylorrrrezr w r l y c u i b ~ n r  % ~ k d o m d  
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5 S h r k  Oark 121 d a p l  4 64 0 182 0 17 

  able 11. Alkaloid yields from 953 line C .  roseus shake flask 
 culture^ 
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7 U L I ~  I 7 7  0 1 011 



Fig. 2 HPLC monitoring of alkaloids produced in a bioreactor versus time (cell line 953) 

Based on the data obtained from our earlier studies, as summarized thus far, we have initiated 

more recent experiments to evaluate the effect of bioregulators on the biosynthesis of the 

alkaloids ajmalicine (1) and catharanthine. For this purpose the previously developed 200 GW 

cell line a good producer of these alkaloids, was selected. 
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Fig. 3 Overall summary of the biosynthatic pathway of the alkaloids ajmalicine (1). 
carharanthine (17) and vindoline (18). 
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The rarionale for the bioregulator experiments described below deriver from the earlier studies 

of Yokohama et a1.' who demonstrated that rubber biosynthesis is induced by certain aminoethyl 

phenyl ethersthereby implying that such synthetic bioregvlators are stimulators of isoprenoid 

biosynthesis. Since secologanin (15) is an important isoprenoid precursor in indole alkaloid 

biosyntheris, it war logical to enquire as to whether such bioregulators would stimulate its 

production in C. roseur  cell cultures. The well established biosynthetic pathway (Fig. 3) 

involving secologanin and tryptamine condensation to srricrosidine (16), and the latter 

undergoing enzymatic rransformation to ajmalieine (I), catharanthine (17) and vindoline (18) 

could =hen be invoked by the enzyme system of the tissue culture cell line to achieve the 

required biosynthesis of the target alkaloids. 

The bioregulators chosen for this study are shorn as structures 19-23. 

In all our studies, the mitotic index remained at or near zero while the pH of the culture 

medium remained reasonably constant (pH = 5.0 - 5.6). No significant flvcruarion of biomass in 

terms of cell dry weight was observed during an incubation period of 12-31 days when these 

bioregulators were added separately, at a concentration of 2 mg/l, to the eell cultures. 

Therefore, no inhibitory effect on eell growth is noted during this time course experiment 

(Hg. 4). In a second subsequent experiment, employing the t w o  most promising bioregulators 

(19 and 23), cell biomass continued to increase for 6 to 8 days (Pig. 8) and then remained 

constant from day 12 as nhovn in Fig. 4. 
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Doys of lncubotion with Bioregulotors 

Fig. 4 Effect of bioregulators 19 to 23 on cell dry weight over en incubation period of 12 to 
31 days. 

There were significant differences in total alkaloid obtained (expressed as per cent of cell 

dry weight) with the different bioregvlators and particularly after 12 and 18 days of 

incubation (Fig. 5 ) .  Of the five compounds evaluated. 19. 22 end 23 showed an increase while 

20 and 21 showed a decrease in alkaloid production 

Doys of lncubotion with Bioregulotors 

Fig. 5 Effect of bioregulators 19 to 23 on total alkaloid yield over an incubation period of 
12 to 31 days. 
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Yields of the target alkaloids, ajmalicine and catharanthine, as monitored by HPLC (Fig. 6 end 

7). indicate the different effects of the bioregulators on the biorynthisis of these compounds. 

In summary, the compounds 19 and 2 3  appeared to effect che best improvement particularly for 

catharanthine produCtion and were therefore evaluated in a second rime course experiment (Figs. 

Days of Incubation with Bioregulotors 
Fig. 6 Effect of bioregulators 19 to 23 on yield of ajmalicine over an incubation period of 12 

to 31 days. 

18 24 31 

Days of Incubation with Bioregulotors 

~ i ~ .  7 Effect of bioregulators 19 to 23 on yield of eatharanthine over an incubation period of 
12 to 31 days. 



In the second experiment with the 200 GU cell line, the bioregulators 19 and 2 3  were 

incubated for shorter time periods ( 4 , 6 . 8  end 10 days). Fig. 8  illustraces the increase in 

over a 4 - 10 day period. 
A 
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Days of Incubofion with Bioregulators 
Fig. 8 Effecr of bioregulators 19 and 2 3  on cell dry weight over an incubation period 

10 days. 

Total alkaloid production (Fig. 9) reached a maximum level afrer 6  days of incubation with the 

highest yield being obtained with 2 3 .  Bioregularor 19 also produced more than the control 

sample Q, 
4 4 

' - ~ 1 ~  

. C a l i d  . 19 
0 2 1  

0 

8 

5 0.4 . 
0 

Fig. 9 Effect of bioregulacors 19 ans 2 3  on total alkaloid yield over an incubatin period of 4  
t o  10 days. 
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rigs. 10 end 11 illustrate the significant increases in ajmalicine and eatharanthine production 

when the bioreguletors 19 and 23 are employed. 
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Doys of lncubotion with Bioregulotors 

Fig. 10 Effecz of bioregulatorn 19 and 23 on yield of ajnalicine over an incubation period of 4 
to 10 days. 
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Doys of Incubation with Bioregulotors 

Fig. 11 Effecr of bioregularors 19 and 23 on yield of earharanthine over an incubation of 4 t o  

10 days. 



It should be noted that a Similar but independent study by Scott et a15, has revealed rhar the 

2.4-dichlorophenylethe~derivative (21) war most effective in promoting ajmalicine and 

carharanthine production in their cell line. Such difference* between the results of the two 

laboratories suggest that different cell lines produced in various laboratories may indeed 

reveal different patterns of bioregulator stimulation of alkaloid production. Our studies on 

6 the effects of bioregularors have recently appeared in print . 

Bio~yntheais and Biotranrformarion Studies - 

Com~arisons of Enzymatic Reactions wirh Laboratory Syntheses 

Alkaloid production in tissue culture employing various nutrient media, to which appropriate 

additives are made, as noted above. can afford interesting and encouraging results. Alkaloid 

levels significantly higher than those normally found in the living plant can be achieved bur 

the time of p~oduction (often 1 - several weeks) may preclude, at least in some instances, the 

UEB of this methodology for commercial production of appropriate pha~maceuticals etc. on ?he 

other hand, the use of plant enzyme ryetemo, conveniently generated via tirsue culture 

techniques, can afford a powerful alternative to the well established and highly important 

methods of biotransformation employing fungal and/or bacterial strains of micro-organisms. It 

is known from the structural analyses of plant-derived natural products rhar plants undoubtedly 

Contain enzyme systems which are nor necessarily present in micro-organisms and their use for 

biological transfo~mation of organic substrates, particularly in instances where 

transformations by microbial strains have failed, is of considerable interest. In effect. such 

biotranrformations may be considered in a complementary sense to direct production of the 

target compound by tissue culture methods. as discussed above. Indeed such considerations for 

production of Catharanthus alkaloids were pursued in our program and have provided important 

information, An unde~sranding of the possible modes of enzyme-catalyzed biotranrformarions 

brings into consideration, in simultaneous fashion, an understanding of biosynrheric pathways 

involved. In effect, experiments designed to achieve appropriate biorransformarionr rhed light 

on the biosynrhesis of the target compounds. 

In our earlier studies7 concerned wirh chemical syntheses of the birindole alkaloids, the 

coupling of catharanrhine, via its N-oxide intermediate (24). with vindoline (18) in the 

presence of trifluoroacetic mhydride and subsequent reduction of the resulting iminium  inter^ 

mediate (25) with sodium boroh~dride, afforded the derired 3'.4'-anhydrovinblastine (26) system 

(Fig. 12). 
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Fig. 12 Synthesis of 3',4'-anhydrovinblastine (26) via chemical coupling of carharanchine 
N-oxide (24) with vindoline (18). 

A great deal of effort was then expended in our laboratories in order to elaborate 26 into the 

natural alkaloids, leurosine (27) .  catharine (28). vinblartine (31. R=CH3), vinamidine (29. 

R-H) erc. Indeed, in spire of the structural complexity of 26, it was possible to 

relectivele functionalise this system so as to complete syntheses of a nvmber of there 

alkaloids. Figs. 13 and 14 sumarise our results in this area. 

Fig. 13 illustrates the chemical interconversions of 26 with oxygen and reIrbuty1 

hydroperoxide. Thus oxidative rzansformarion of 26 affords leuroeine (27), which on further 

oxidation yields catharine (28). 
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Fig. 13 Synthesis of leurorine (27) and catharine (28) from 3'.4'-anhydrovinblastine (26) 

Fig. 14 Synthesis of dnamidine (29.R-H) and 3R-hydroxyvinamidine (29,R=OH) - overall summary 
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Fig. 14 summarises our detailed investigations9 in which potassiwn permanganate is employed as 

the selective oxidising agent. The substrate, 3'.4'-anhydrovinblastine (26) converts to 

hydroxyvinamidine (29, R=OH) as doer leurorine (27). On the other hand, 4'-deoxyleurosidine 

(30). the catalytic reduction product of 26, tranrfamr to the natural alkaloid vinamidine (29, 

R=H). 

As will be seen later, these selective reactions in the chemical laboratory, completed before 

any studies with plant rirrue cultures were initiated, have proven to be of considerable 

importance in the present program since there is remarkable similarity of the earlier results 

with those presently obrained wirh cell cultures and/or cell free extracts obtained from ~ u c h  

Cultures. 

Scheme 1 

C .  roseus leaves (or tissue cultures) - - 

1 homogenized in 0.1 M potassium 
phosphate buffer, pH 6.3 

1 
centrifuged at 30,000 x g for 20 min 

crude enzyme 

ammonium sulfate precipitation 
(70% saturation) dialysis 

DEAE-cellulose chromatography 

1 Sephadex 6-200 chromatography 

partially purified e n r p  

The chemical coupling of earharanrhine, via an oxidative process, wirh the dihydroindole system 

of vindoline, raired rhe question as to whether a similar coupling may not be occurring within 

the enzyme system of the plant. For this purpose, a preparation of a cell free extract (crude 

enzyme in Scheme 1) from C. roseus live plants had to be developed. Scheme 1 outlines the 

method employed in our initial studies1' in this direction. 



Employing tritiwo-labelled catharanthine and carbon-14 labelled vindoline, it could be shown 

that the enzymic system present in the cell free extract, as obtained from C. roseur leaves 

according to the procedure of Scheme 1, does indeed perform the coupling reaction. In shorter 

incubation periods, the major product isolated is 3'.4'-anhydrovinblartine ( 2 6 )  but longer 

incubation times reveal leurosine as the main product. Pig. 15 summarizes the results 

11 
obtained. Similar results were obtained in an independent study by Scott . 

cell free e x t a t  
+ from C. roseus 

. . 

+ leurosine 

T ,,c = 21. I 

Fig. 15 Biosynthesis of 3',4'-anhydrovinblastine ( 2 6 )  and leurmine employing cell 
free extracts from C. roreus leaves. 
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Fig. 16 Enzyme catalyzed synthesis of leulosine (27), eetharine(28), and 
vinblastine (31). employing cell free extracts from C ,  roseus leaves 

Pig. 17 Enzyme catalyzed synthesis of levrorine (27) and cathacine (28) - 
comparison of horseradirh peroxidase and cell free extracts from C .  roreur leaves 



The enzymatic conversion of 3',4'-anhydrovinblastine (26) to leurorine (27). catharine (28) and 

the important clinical drug vinblarrine (31. R=CH ) war also established in subsequent 
3 

experimentsl0 and Fig. 16 summarises the data. Vincristine was not found in thir bioconverrion. 

The earlier chemical conversion of 26 to leurorine and catharine by means of tert-bury1 

hydroperoxide (Fig. 13) raised the possibility that the enzymes responsible for the conversion 

of 26 to leurosine and catharine and present in the isolated cell free extract, were 

"peroxidases" and were performing an enzymatic function similar to that observed in the 

chemical laboratory. Assay of the cell free extract by methods normally employed for 

commercial horseradish peroxidase indeed revealed the presence of such enzymes. Furthermore, 

an experiment involving commercial horseradish peroxidase and run in parallel wirh the cell 

free extract biot~anrformation, revealed that the commercial enzyme behaved similarly in 

transforming 26 to the alkaloids leurosine and catharine (Fig. 17). 

With the above information in hand, our attention turned to studies with the already 

established stable tissue culture cell lines of C. roseur since it war clear that such cell 

lines would provide a zeliable source of enzyme systems for achieving reproducible results 

relating to the biorynthesir, biotransformation and production of the birindole alkaloids. 

Our initial studies12 concerned the biotransformation of 26 and employed whole cells of the 916 

cell line - a unique line in that it exhibited satisfactory growth characteristics bur did nor 

produce any alkaloids. Incubation of 26, as the hydrosulfare salt for varying rime periods (2 

- 72 h), revealed that the best results were obtained with 2& - 48 h incubations, Under t h e  

latter conditions the alkaloids leurasine (25 - 30% yield) and earharine (9.16% yield) were 

obtained wirh about 40% of 26 being utilized by the cells. Optimum conditions for the 

biorranoformation of 26 were nor developed so it ir clear that higher yields of the end 

products could be achieved. 

Since neither vinblastine nor vincrirrine were obtained in the above experiments with the 916 

cell line, experiments concerning the biotransformation of 26 were conducted wirh alkaloid 

producing lines, for example, the previously developed 200 GW line and lines developed 

zecenfly in our laboratories. 
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Experiments with cells of the 200 GW line involved incubation timer of 15 - 150 h. 

After 150 h incubation, no substrate remained bur the incubation time was clearly too long and 

identification of any metabolites proved difficult due to the complexity of the product 

mixture. The alkaloid catharine was identified as a minor component. 

Fig. 18 Svmma~y of biotransfornati~~ of 3' , 4 '  -anhydrovinblastine (26) with "Growing" Cells of 
200 GW/Cell line. 

enzymes fro 
C.roseus 
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31 
Me 

: CHO 
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shorter time periods (15 - 30 h) showed a less complex mixture and revealed very interesting 

results. Thus, a 30 h incubation period revealed the alkaloids leuronine (27) and Catharine 

(28) while the 15 h incubation revealed the presence of there two alkaloids and, for the first 

rime, the presence of the clinically important drugs vinblastine (31. R=CH3) and vincristine 

(31, R=CHO) and 4'-deoxyleurosidine (32). Fig. 18 rvmmarizes there results. 

Utilizing cell lines recently developed in our laboratories, it was possible to obtain 

additional important information about the biotransformation of 3',4'-anhydrovinblartine (26) 

and the corresponding fate of the metabolites formed. These studies have involved experiments 

with growing cells as well as cell free extracts prepared according to the procedvre of Scheme 

1. Fig. 19 summarizes the results of a large number of experiments and pertinent comments 

concerning the most important features are presanted below. 

Employing an incubation period of 15 h, and growing cells of our recently developed lines, the 

falloving additional information has been obtained. Additional metabolites of 3'.4'- 

anhydrovinblarrine have been identified and these are vinamidine (29,R=H) and hydroxyvinamidine 

(29, R-OH). Other bisindole product* are also present but are nor as yet identified. 

The important question as to whether the enzymes responsible for these biotranrformarionr are 

present within the cells and remain there during the entire growth period (5 - 23 days in the 

nutrient medium) was answered in the following manner. Filtration of the cell material after a 

given growth period provided the "spent" medium which was rimulraneously evaluated with the 

eel1 free extract obtained from the cells. Enzymatic activity in the "spent" medium is 

minimal, in term* of biotransformation of 26, when a short growth period, for example, 5 days, 

is involved. On the other hand, older cultures, for example, 19 - 23 days old, which reveal 

Significant cell lyrir do provide a "spentu medim with significant enzymatic activity. These 

results indicate that the enzymes involved are maintained within the cell and are released into 

the medium if significant cell lyoio occurs. For example, an experiment involving "spent" 

medium from a 17 day old culture and 26 as substrate in a 15 h incubation period, revealed the 

presence of leurosine (27). carharine (28). vinamidine (29, R=H) and hydroxyvinamidine (29, 

R=OH), the latter as a major component. Vinblasrine was nor derecred. 

The cell free extzact obtained from the 17 day old culture, as noted above, was evaluated 

~imultane~usly as to its enzymetic activity in terms of biotranrformarion of 3',4'-anhydro- 

vinblastine. After only a short incubation period of 3.5 h. the important metabolite, 
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vinblastine was noted, in addition to the other previously identified metabolites. 

Hydroxyvinamidine (29. R-OH), a major metabolite in the medium experiment is now shown 

only as a minor component. 

~ i g .  19 overall rvmmary of results obtained when catharanthine (17). vindoline (18) 
and 3~,4'-anhydrovinblasrine (26) are incubated either with cell cultures of 
~ath~ranthus roseus g cell free extracts derived from svch cultures. 



The differences in the results obtained from the above two experiments may be rationalized in 

sevezal ways since the incubation periods are different (15 h versus 3.5 h). On the one hand, 

it could be argued rhar the enzyme(s) system responsible for "hydration" of the 3',4'-double 

bond in 26 to yield vinblasrine is not released into the "spent" medium a alternatively, the 

longer incubation period has allowed enzymatic conversion af vinblastine to other metabolites. 

In fact, in a separate study. vinblasrine (31. R = CH ) when incubated in a cell free extract, 
3 

under similar conditions, is metabolized rapidly (HPLC monitoring) and is completely converted 

within 3-5 h. The main PIO~UC~E observed are vinamidine and N-formylvinamidine (structure 29, 

R=H, N-CH3 replaced by N-CHO). In a parallel study, vincrisrine (31, R = CHO) is similarly 

metabolized to N-formylvinamidine in this time period (see Fig. 19. 31 - >  29). In summary. it 

can be stared that the natural product vinamidine, its hydroxy derivative and the co~responding 

N-formy1 analogues represent the ultimate end products of enzymatic oxidation. 

Further additional information bearing on the possible mechanistic pathway concerning the 

biorranaformarion of 26 to the above metabolites was also obtained from our cell free extract 

experiments. It is clear that iminium intermediates such as 25 and 33 (Fig. 19) are products 

of enzymatic oxidation of 26 and their conversions to the various metabolites, leuroaine (27). 

catharine (28). vinblastine (31, R-CH3). vincristine (31. R-CHO), vinamidine (29, R=H) and 

hyd~oxyvinamidine (29. R=OH), as suggested in Fig. 19, can be expressed via reasonable 

mechanistic pathways. For this reason, it was canridered important to detect the formation of 

such iminium species in the incubation mixture. Indeed this has now been accomplished. 

Employing HPLC (reverse phase, C18 column), the biorransformation of 26 can be monitozed over 

various time periods with the specific objectives of detecting 25 and/or 33. In order to 

establish the appropriate retention rimes for such iminium intermediates, an authentic sample 

war prepared via the catharanthine - -  vindoline coupling reaction (Fig. 12) in which 25 is 

unambiguously formed. With cell free extracts and 26 as substrate, an intermediate with 

identical retention times to rhar rhovn by 25, was seen in the HPLC analyrir. The appearance 

of this iminium species starts rhortly after initiation of the incubation and reaches a maximum 

af t er  varying time periods, depending on the enzymatic activity of the particular culture. 

There is a concurrent disappearance of 26. Extraction of the incubation mixture by means of 

ethyl acetate removes the birindole metabolites, thereby allowing the iminium intermediate(s) 

to remain in the aqueour phase. Subsequent borohydridc reduction of the latter regenerates 26 

thereby establishing that no structural rearrangements had occurred. 
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It should be noted that in an independent study. Scott and co-workers l3 have also show the 

conversion of 26  to vinblartine by eell free extracts of their C .  roreus cultured eel1 line. 

As the above studies were underway. s simultaneous research program concerning the enzymatic 

coupling of catharanthine (17) and vindoline (18)(Big. 19) was also undertaken. Essentially 

all of the experiments within this area concern investigations wirh cell free extracts bur, ar 

in the above studies wirh 26 as substrate, several experiments were performed wirh "spent" 

medium. 

In brief, the results of enzymatic coupling af 17 and 18 in the "spent" medium parallel those 

already presented above for the biotrannformation of 26. When "spent" medium is obtained f rom 

an older growing cell culture for example. 19 dayr in s recent experiment. significant coupling 

activity is noted. On the other hand. a younger culture. in which cell lyris is insignificant, 

doer not afford an enzymatically active medium. 

Initial experiments involved tritium - labelled eatharanthine and radioinactive vindoline in a 

manner similar to that described with cell free extracrs obtained from C. roseus leaves (Fig. 

15). The age of cultures, from which such extracts were prepared, varied from 5 - 11 dayr and 

involved incubation periods of 3 h. Under thew eondirians. enzymatic coupling of 24 and 18, 

presumably via intermediate 25, affords leurosine (27) and other dimerie alkaloids. 

In a parallel study with "resting" cells, that is, cells grow in a nutrient medium and then 

resuspended in MES (morpholinoethanesulfonic acid) buffer, it war show that the coupling 

activity war also maintained. For example, cells were initially grovn for 10 days in I85 

medium. filtered and resuspended in KES buffer containing 8% sucrose for 44 - 212 h. The 

cells were then harvested and cell free extracts prepared according to Scheme 1. Experiments 

with the latter extracts and involving 17 and 18 as substrates, revealed eoupling activity to 

afford leurorine (3% yield) as one of the major bisindole alkaloids isolated. 

Extenrive investigations wirh non-radioactive substrates and cell free extracts obtained from 

various eell cultures were pursued. Varying ages of cultures ( 5  - 23 days). differenct co- 

factors (FAD, FUN. NADPH, NADP. ATP/M~+), and different inorganic salts (HnC12. CaCl ) have 2 

been studied in order to ascertain the effect of such parameters on the enzymatic eoupling 

activity. Similarly, different incubation periods (3 - 30 h) have been evaluated. 



In summary, such experiments have revealed the presence of appropriate enzymes in the cell free 

extracts and responsible for the coupling of carharanthine (17) and vindoline (18) to the 

bisindole systems. 3'.4'-anhydrovinblastine (26). leurosine (27). catharine (28). vinamidine 

(29, R=H) and hyd~oxyvinamidine (29, R=OH) as well as other as yet uncha~acterized bisindole 

compounds. Their relative yields depend on the origin of the cell free extract and the 

incubation conditions involved. A vindoline dimer, probably identical with that obtained by 

Rorazza er a1 in their studies on microbial transformation of vindoline14, has also been 

isolated. 

Studies concerned with the isolation of the relevant enzymes involved in the above 

biorranrformarionr of 3',4'-anhydrovinblestine as well as those responsible for rhe coupling of 

catharanthine and vindoline are presently underway. Enzyme isolation procedures and HPLC 

monitoring of such crude enzyme mixtures are already described in our earlier srudier with C 

roreur and with the objectives of producing the alkaloids eatharanthine. vinblartine and 

vincrirrine by such culture techniques. Related to there objectives, we wish to derive 

information about their biosyntheris and biotranrformarian and with future developments in 

enzyme isolation. ascertain the nature of the enzymes involved. With the availability of cell 

and/or enzyme immobilization technology, improved methods for possible "commercialization" of 

such procerres may also be developed. Although much remaining data must await further 

experimentation, we believe that the field of plant tissue cultures has considerable potential 

in pharmaceutical applications. The area will alro provide interesting challenges and avenues 

of basic research for practicing natural products chemists, plant biochemists. plant 

geneticists, etc. 
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