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- Affinity gel bound enryms systems obtained from 
roseus cell cultures were employed to establish a high yielding enzymatic 

system for the coupling of catharanthine (1) and vindoline (2) to 3'.4'- 

anhydrovinblastina (3) and leurosine (4). Long term enzymatic activity can 

be prerenred by this techniqw, an aspect which may prove important in 

subsequent utilization of such systems in large scale production. 

1 In the accompanying publication . we deecribed soma experiments relating to the enryme- 
catalyzed coupling of catharanthine (1) and vindoline (2) to an unstable dihydropyridinium 

intermediate (9) which is than enzymatically transformed to various bisindole alkaloids as 

summarized in Scheme 1. It was clear from that study that a multi-enzyme process is involved, 

that is, oxidative coupling of 1 and 2 t:o 9, followed by sequential reduction to enhydro- 

vinblastine (3) and/or oxidation-reduction to leuroaine ( 4 ) ,  vinblastine ( S ) ,  eatharine (6), 

vinamidine (7) and hydroxyvine+dine ( 8 ) .  In order to opriaiiee the yield of coupling of 1 and 

2 to 9 and, in turn, to the various and products, we initiated some studies directed toward 

enzyme purification and/or immobilization so as to afford more optimum conditions for the 

desired tranrformationn. Specifically, it was our desire to optimize, if possible, the enzyne- 

catalyzed coupling of 1 and 2 and obtain higher yields of appropriate end products. We wish to 

Present our results relating to the latter coupling and illustrate that this approach can 

indeed allow a high yielding system portraying long term enzyme stability. 

1 As mentioned in our accompanying publication , we had studied, in some detail, the influence of 

various cofactors, for example. 8-NADP. NADPH, NnC12. FWN and FAD, in their ability to aid in 

the enzymatic coupling of 1 and 2. Ae IWN. FAD and 8-NADP were shown to be important in this 



Scheme 1. Overall Summary of Enzymatic Coupling of Catharanthine (1) 
and Vindoline (2) to Bisindole Alkaloids. 
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regard, we considered the application of affinity chromatography with these cofactors or their 

analogues as appropriate ligands in an attempt to obtain selective isolation of specific 

enzymes suitable for this purpose. The following commercially available affinity gels were 

selected: (a) F M N - ~ ~ ~ r o r e ,  (b) 8-NADP-Agarose, (c )  Reactive Red 120-Agerose and (d) 2'5' ADP- 

Sepharose 4B. The two latter gels are known to have high affinity for 8-NADP requiring 

enzymes2'3. 
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Scheme 2. Procedure for Binding CaFharenThus E P S ~ Y ~  Cell-Free Extract 
(C.F.E.) Proteins to Affinity Gels. 

2'.5'-ADP Sen- 

4 ml of 2'.!>'-ADP-so~harose (washed with 0.1 11 Tris-HC1 

amount of protein - 2.05 ag 
eluted with buffer solution (4 rimes). (1) - (4) 

vol. of 0.1 n T~IS-a:l Incubation time protein eluted 
buffer (ol) of each fraction ( m r )  

mount of protein - 2.05 mg 
s. 

eluted with buffer solution (4 tlman). (5) - (8) 

Vol. of buffer (ml) Incubation tima P~otein eluted 
of each fraction (ma) 

amount of protein - 2.05 mg 
slutad with buffer solution (4 rimes). (9 - (12). and 
finally virlh 8-NADP buffer solution (13). 

Vol. of bvffer 
(01) 

IneubaCIon time Profsin eluted 
of each fraction (mg) 

(mi") 
60 1.188 
60 0.5 

-- 
5 m1 of 20 nH 16 h 

8-NADP buffer sol'" 
10 I 60 

Total-mount of protein 
eluted (5.09 mg) 

. 
2'.5'-ADP espharose bound enzyme 
(enzyme cone. - 1.06 og/4 ml of gel) 

1 stored at 4' C (27 days) 

J 
ADP-2, ADP-3. ADP-4. ADP-5 

(see Table IV) 

Scheme 2 outlines the method that we have used in assessing the specific absorptian/binding of 

proteins present in the desalted (Sephsdex G25) crude cell-free extracts, as prepared according 



to Scheme 2 in the accompanying publication1, by 2',5'-ADP ~epha;ose 48 gels. Similar 

procedures were also employed with the other three affinity gels indicated above. It was of 

interest to note that four affinity gels exhibited very strong binding of oertain proteins. 

After the removal of non-specifically bound proteins by elution with buffer solutions, attempts 

to carry out specific desorption with the corresponding co-factors (FMN or 8-NADP), even at high 

concentrations, were not successful. In fact, these proteins appeared to be immobilized 

by the gels. Table I illustrates the amount of protein bound to each of the four affinity 

gels. 

Table I. Absorption of C.F.E. Protein with Varioue Affinity Gala 

Affinity Gel Vol. of Total Protein Bound Concentration 
Affinity C.F.E. Eluted Protein of Bound 
Gel Protein (mg) (mg) Protein 
(ml) Applied (mg/ml) 

(mg) 

Reactive Red 120- 
Agarose 10 5.69 2.0 3.69 0.369 

These affinity gel bound enzymes were then evaluated for their ability to couple catharanthine 

(1) and vindoline, (2). to afford the dihydropyridinium intermediate 9 (HPLC monitoring) and, in 

turn, the known alkaloids. 3',4'-snhydrovinblestine (3) and leurosina (4), obtained after 

borohydride reduction of the incubation mixture. The reaotion mixtures employed are described 

in Table I1 while the incubation conditions, percent of coupling etc. are shown in Table 111. 

Direst HPLC time-course monitoring indicated that & four affinity gel bound enzymes showed 

activity to couple catharanthine (1) end vindoline (2) (in the presence of FMN (1 eq.) and 

MnC12 (1 eq.)), to form initially the intermediate 9, and subsequently other metabolites. 

A9 determined from storage and reuse of the bound enzymes (Table IV), it was shown that this 

technique of immobilization imparted a high degree of enzymatic stability. Maintenance of 

activity was demonstrated in repeated usages of these immobilized systems. as shown in Tables 
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Table 11. Reaction Uixtures for Evaluation of Enzymatic Coupling of 
Catharanthino (1) and Vindoline (2) by Affinity Gel Bound Enzymes 

RBBC tion Experiment No. 
Mixture 

ADP-1.2.3 ADP-0 ADP-5 NADP-1 to R.red-1.2.3 FHN-1,2 
NADP-5 

Vindoline 3 
(mg) 

Catharanthine. 2.5 
HC1 (mg) (1 eq.) 

HeOH (ml) 0.5 

Buffer 9 
(0.1M Tris-HC1. 
pH 7.2) 

2',5'-ADP- 2 
Sepharose-4B 
bound enzyme 

("1) 

Reactive Red 
120-Agarose 
bound enzyme 

(ml) 

8-NADP-Agarose 
bound enzyme 

(ml) 

2.5 , 7.5 2.5 
(+2.5 ) (1.5 eq.)  (1 eq.) 

* 
Another equivalent of catharanrhineHC1 (2.5 mg) wee added d e e r  initial 

incubation of 80 mi". 

111 and IV, the former illustrating the percent yield of coupling as well as yield of 3'.4'. 

anhydrovinblastine (3) and leurosine (4). 

Lowering the temperature of incubation from 26' to 4' C resulted in a small increase in the 

total yield of bisindole products (compare, for example, experiments ADP-1 and ADP-2 (38.5% 

versus 40.81, Table 111). Of more significance was the use of anaerobic incubation conditions 

0 
for the coupling reaction. Thus under an argon atmosphere and st 4 C, total coupling yields 

of over 70% were attained (e .g .  NADP-5 and ADP-3 in Table 111). At the same time, the yield of 

3',4'-anhydrovinblastine (3). obtained after e reductive work-up with NsBH4, also increased. 



Studies of enzymatic Coupling of 
by Affinity Gel Bound Enzymes. 

Catharanthine and Vindoline 

Incubation ~onditiona~ 8 Yield 
of 8 Yield 8 Yield 

Exp. Coupling of (3) of (4) 
Tine Temp. Atnos- (Total) 
(mi") (O C) phere 

ADP-1 120 26 a lr  38.5 4.2 1.7 
(Scheme 2) 

ADP-2 60 4 alr 40.8 10.8 5.2 
(Table IV) 

ADP-3 160 4 Ar 74.4 20.4 5.3 

ADO-4 200 4 Ar 90.3 37.7 13.4 

ADP-5 240 4 A t  77.7 23.7 8.5 
(ZX) ................................................................................. 

R.red-1 90 26 air 26.0 1.6 1.7 

R.red-2 25 26 air 17.6 1.4 0.2 

R.red-3 90 26 air 30.8 3.4 1.5 

................................................................................. 

NADP-1 90 26 air 28.0 0.7 1.4 

NADP-2 25 26 sir 9.8 2.3 0.6 

NADP-3 90 26 air 44.2 3.9 1.0 

NADP-4 40 26 air 37.5 5.3 1.5 

NADP- 5 80 4 Ar 79.6 16.7 5.6 

FMN-1 240 26 air 
17 h 4 air 33.3 1.4 

FHN-2 27 h 4 air 66.4 1.0 

................................................................................. 

a After appropriate incubarion, the mixture was reduoed with NaBH prior to 
i~olation of birindole coupling products. 

4 

b Total coupling yield is bared on vindoline (2) used and refers to total of 
birindole alkaloids isolated by Ssphadsx LH20 chromatography. Only 3'.4'- 
anhydrovinblsotino (3) and leurosins (4) were eharaccerlred while other 
unknown bioindole compounds (mass spectrometric analysis) are not yet 
elucidated. 

This is consistent with the observed formation and accummulation of the intermediate 9 obtained 

by direct HPLC analysis during time course monitoring of the reaction. 
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Table IV. Storage and Reuse of Bound Enzyme Systems for Evaluation of Coupling 
Activity. 

Exp. Time of Stomge at 4' C in Days (unless otherwise stated) 

ADP-2 1 

ADP-3 

ADP-4 

ADP-5 

R-red-2 
2 

R-red-3 

NADP-Z~ 

NADP-3 

NADP-4 

NADP - 5 

Em-22 

1 
To obtain ADP-2, the bound enzyme from the ADP-1 experiment (120 min 
incubation time, Table 111) was recovered by filtratioc on a sintared 
glass funnel, washed vi.ch FIS-HC1 buffer, stored et 4 C for 5 days 
and then used for evaluation of coupling activity. In similar fashion. 
ADP-3 represents recovetred enzyme from tho ADP-2 experiment (Table 111). 
stored at 4' C for 9 dnys and evaluated for coupling activity, etc. 

2 
R-red-2, NADP-2 and IM1-2 represent b a u d  enzymes recovered from 
R-red 1, NADP-1, FWN-1 experiments respectively as &scribed in 
Table 111, and simi1ar:Ly evaluated for coupling activity. Preparation of 
R-red-1. NADP-1 and m i - 1  follows the preparation outlined for ADP-1 
(Scheme 2). 

It is significant that when a second equivalent of catharanthine hydrochloride vas added after 

an initial incubation of 80 min (see experiment ADP-4 in Tables I1 and 111). s high yield 

(90.3%) of coupling was observed and the best yields for the bisindola alkaloids 3 and 4 were 

realized. It appeared that catharanthhe, by virtue of its more rapid enzymatic transformation 

to other products, relative to vindoline, is consumed more rapidly and therefore is not 



entirely available for coupling. Indeed, we have shown, by HPU: monitoring, that 

cetharenthine, when exposed to this enzymatic mixture, ia more rapidly converted to other 

unidentified products than is vindoline. 

It is also clear from Table I11 that the best immobilized system for the coupling, and 

particularly for the biosynthesis of 3 and 4, is the ADP-bound enzpe(s). Furthermore, the 

stability of intermediate 9 is highest ot low temperature (4' C versus 26' C) and under an 

inert atmosphere (argon versus air). 

In conclusion, the above studies have revealed that enzymes capable of coupling of 

catharanthine (1) and vindoline (2) to the unstable dihydropyridinium intermediate 9, and in 

turn, to the bisindole alkaloids 3',4'-anhydrovinblastine (3) and leurosine (4) 9 be 

effectively immobilized to provide a stable and high yielding system. Furthermore, immobilized 

enzyme systems can be stored at 4' C for long time periods and therefore their use for repeated 

coupling reactions so as to accumulate end products is possible. The use of thin technique to 

achieve similar immobilized systems for the other biaindole alkaloids particularly vinblastine 

( 5 )  is under consideration in our laboratory. 
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