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Abstract

We established green cell suspension culturédarthantia polymorphaviarchantia plicata Riccia fluitansandAsterella
blumeana Whole cell biotransformations of the oxidoreductase type were studied using different exogenous substrates.
The results show that cell cultures of liverworts can serve as effective tools in bioconversion reactions for the enantio-
or diastereoselective reduction of simple ketopeketoesters and,g-unsaturated carbonyl compounds. The reduction of
ketones an@-ketoesters resulted in products according to Prelog’s rule.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction tween enantiotopic and diastereotopic sides of prochi-
ral carbonyl compounds and so allow the preparation
Chemo-, regio- and stereoselective oxidations and of non racemic alcoholdiorse liver alcohol dehydro-
reductions are basic chemical transformations which genase(HLADH) and lactate dehydrogenasg.DH)
can be performed by well established chemical meth- are the most established isolated dehydrogerfasgls
ods as well as by enzyme systems of thadore- whereas baker's yeasS@ccharomyces cerevigais
ductasetype. These enzymes demand cofactors like by far the most widely used whole cell system with a
NAD(P)™/NAD(P)H which make bioconversions us- broad substrate and functional group toleraj3teand
ing isolated enzymes expensive without an effective which can be optimized by recombinant engineering
cofactor regeneration. Whole cell systems like yeasts to “designer yeasts4,5].
and plant cell cultures overcome this disadvantage Plant cell suspension cultures can serve as tools
though large biomasses or an uncontrolled metabolism for the in vivo production of secondary metabolites
must be taken in accounflcohol dehydrogenases [6,7] as well as for the biotransformation of foreign
(ADH) are the mainly applied subtype of this en- substrate$8,9]. Mainly higher plants likeNicotiana
zyme class which catalyze the transfer of hydrogen and tabacum Glycine maxand Catharanthus roseusere
so oxidize alcohols to carbonyl compounds and vice extensively studied in this argd0,11] Green cell
versa. Applied in reductions they may distinguish be- suspension cultures obtained from bryophytes were
preferentially established for growth analyses and bio-
mpondmg author. Tels49-681-302-2749; genetic studies or for the production of metabolites
fax: +49-681-302-2029. [12]. Only few reports were given on oxidoreduc-
E-mail address:anspeich@msx.uni-saarland.de (A. Speicher). tase type bioconversions of exogenous substrates using
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such cell cultures and exclusively fetarchantia poly-
morpha reduction of ethyl 2-methyl-3-oxobutanoate (1)
[13], reduction of 4-androstene-3,17-dioffe4], re-

duction of 1,4-androstadiene-3,17-dion and andrenos-

terong[15] as well as oxidation of epitestosterdié]. @

2. Results and discussion

In the course of our studies concerning chemistry
and biology of bryophytes we established green cell
suspension cultures of different liverworts (growing
and resting cells) which were checked in bioconver- 5,
sion studies with different substrat§k7]. Reaction
rates and selectivities were studied and the reactions
were scaled up from the typical 10 mg to an efficient
g scale.

Green (photomixotrophifl8]) cell suspension cul- @)
tures can be obtained from spores or decontaminated
gametophytes of liverworts by a routine but uncertain
procedure described by Katdh9]. Up to now for
bryophytes only suspension culturesMf polymor-
pha were tested in bioconversion reactions. In our ©
hands, we started with gametophytes of sterile agar
cultures fromM. polymorpha Marchantia plicata
Riccia fluitansand Asterella blumeanaA stationary
phase of the cell growth in the liquid medium (with
a factor of ~5 in biomass) was observed after 2-3
weeks. Bioconversion reactions could be performed
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Scheme 1. Alcohol dehydrogenase reactions with bryophyte cell
cultures.

in the original cell culture medium as well as in a was studied in deta[R5]. Plant cell cultures fronN.

suspension of resting cells in a phosphate buffer.
We confirmed the general capability of the bryo-

tabacumwere used for this biotransformation result-
ing in 60-98% e.e[26]. In our studies we subjected

phyte cell cultures for alcohol dehydrogenase reac- ethyl andt-butyl acetoacetatég and6b) to a biocon-

tions in a reduction of benzaldehyd#) (to benzyl
alcohol @) (1-2mmol, seelTable 1and Scheme 1
entry 1). Acetophenone) is a simple prostereogenic
ketone for testing a stereoselective reducfij. Cell
cultures ofM. polymorphaM. plicataandR. fluitans
reduced3 with 34-74% e.e. to§-1-phenylethanol
(4), the product according to Prelog’s ry2l]. The
conversion ratio is maximum 74% in a 0.8—3.2 mmol
batch. So, this bioconversion is only moderate effec-

version using bryophyte cell cultures which reduced
these substrates t®)¢(+)-ethyl and §-(+)-t-butyl
3-hydroxybutanoate 7& and 7b), respectively (en-
try 3). Cultures fromM. polymorphaand M. plicata
gave moderate e.e. values (40-76%), cultures from
R. fluitansand A. blumeanahowever resulted in high
e.e. values (90 to >95%). These results were even
obtained in 6.0 mmol batches within 1-2 days reac-
tion time and in high yields. Being in accordance

tive, though the enantiomeric alcohol to the hydrolysis with Prelog’s rule thetert-butyl ester6b gave better

product from (1-phenylethyl)acetatd)(according to
the Kazlauskas rulf22] can be obtained.
B-Ketoesters like alkyl 3-oxobutanoates are stan-
dard objects for stereoselective chemi28] or en-
zymatic reduction$24]. The baker’s yeast reduction

stereoselectivities thaa because of the bulkier ester
moiety.
The enantio- and diastereoselectivity in the reduc-
tion of ethyl 2-methyl-3-oxobutanoat®)((generally
leading to valuable 2-alkyl-3-hydroxyalkanoaigg])



Table 1
Biotransformations of the alcohol dehydrogenase type

Entry  Substrate  Culture Scélémmol) Reaction time %Yield Product/configuration/%e.e.
in days
(%conversion)

1 1 M. polymorpha 1.0-2.0 5 (100) 70-90 Benzyl alcohd)(
1 1 M. plicata 2.0 5 (100) 70 Benzyl alcohol)
1 1 R. fluitans 1.0 5 (100) 81 Benzyl alcohol)
1 1 A. blumeana 2.0 5 (100) 90 Benzyl alcohol)

(S)Y(—)-1-Phenylethanol4)

3 M. polymorpha 0.8-1.6 10 (30-45) 70-74

2 3 M. plicata 0.8-3.2 10 (28-70) 34-44
2 3 R. fluitans 0.8 10 (60) 74

(9-(+)-3-Ethyl (9-(+)-3-t-Butyl

hydroxybutanoate7g) hydroxybutanoate7p)
3 6a/6b M. polymorpha 0.75-7.5 2-7 (100) 70-90 40 56-66
3 6a/6b M. plicata 0.75-7.5 2-7 (100) 70-90 70 64-76
3 6a/6b R. fluitans 0.6-6.0 1-2 (100) 70-90 >95 >95
3 6a/6b A. blumeana 1.0-4.0 3-7 (100) 70-90 90-93 93-95

anti-(2539-9 (d.e.) anti-(5,39-9 (e.e.)
41[28] 8 M. polymorpha 0.1 1 88 92 99
4 8 M. polymorpha 1.4-7.0 5-9 (100) 84-86 92-96 64-86
4 8 M. plicata 1.4-7.0 5-6 (100) 86-92 96— >98 92-96
4 8 R. fluitans 1.4-7.0 5-9 (100) 82-85 98 86-86
4 8 A. blumeana 1.4-7.0 5-9 (100) 83-90 >97 54-68

(1R, 29-(+)-11a (d.e.) (R29-(+)-11a (e.e.) (R29-(+)- (1IR29-(+)-

11b (d.e.) 11b (e.e.)

5 10 M. polymorpha 1.2-3.2 7-10 50-90 78 0 90-94 68-90
5 10 M. plicata 1.2-3.2 7-10 50-65 80-88 14-42 28-52 5-36
5 10 R. fluitans 1.2-3.2 7-10 50-90 52-64 0 90-94 32-58

aTotal amount in 200400 ml cell culture medium.
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was already studied with cell cultures df. poly- 17

morphaand some other plan{28]. M. polymorpha

yielded anti-(&,39)-3-hydroxy-2-methylbutanoic acid result with R. fluitans:

ethyl ester @) with 92% d.e. and 99% e.e. in 0.1 mmol 13

batches (entry 4). In contrasg. maxresulted in the 12

formation of the syn-(R,39)-product with 84% d.e. A

and 97% e.e. The formation of preferably one of the

four possible products is possible because of the di- d

astereoselective reduction with concomitant dynamic

resolution (rapid in situ racemization of substrate via reference

enolization). mixture:
In our experiments (1.4—7.0 mmol batches) all cell

cultures reduce8 preferably to the anti-@3S) prod-

uct 9. Only moderate selectivities (92 to >98% d.e.,

: p { | T | T
54-86% e.e.) were obtained wil. polymorphaR. 10.00 1025 1050 1075  11.00

fluitans and A. blumeanabut better results with cul- min
tures of M. plicata (86—92% yield, 96 to >98% d.e., references:

92-96% e.e.). So, the latter bioconversion proved to a:(-)-carvone 12 b: (+)-dihydrocarvones 13/14

be an effective process. c: carveols 15/16 d: dihydrocarveols 17-20

Reductions of cyclicB-ketoesters using baker’s
yeast are well studied9] whereas plant cell cul-
tures were yet not used for this purpose. For a
reduction with bryophyte cell cultures we tested
ethyl cyclopentanone and hexanone-2-carboxylates The diastereo- or enantioselective reduction 86C
10a and 10b which, due to the cyclic structure, bonds ofa,B-unsaturated carbonyl compounds is a
were reduced with 30% d.e. (65:35) to the corre- difficult chemical transformatiof81], which however
sponding cis-hydroxyesterslla and 11b even by was successfully performed using whole cell systems
simple chemical reducing agenf80]. The results  possessing NADH dependent enoate reductase activ-
obtained with the cell cultures of bryophytes proved ity [32]. We tested {)-(5R)-carvone 12) as substrate
to be moderate compared with acyclic ketoesters and for this bioconversion. The different stef&3] and
baker’s yeast reductions and better for cyclohexanonethe stereochemical outcome of the enzymatic enoate
than the cyclopentanone carboxylic esters (entry 5). reduction have been elucidated and is normally made
The best results were obtained wit. polymor- up of a startingrans-addition of hydrogen across the
phayielding ethylcis-(1R,29)-2-hydroxycyclohexane  C=C bond[34] (yielding e.g. dihydrocarvonek3/14)
carboxylate {1b) with 90-94% d.e. and up to followed by an alcohol dehydrogenase reduction

Fig. 1. GC analysis of carvones, dihydrocarveols, carveols and
dihydrocarvones (Column: OV-1, 30 m).

90% e.e. of the saturated carbonyl compounds (yielding e.g.
Table 2
Reduction of £)-(5R)-carvonel2 with plant cell cultures
Culture Scale (mmol) Culture (ml) Time (days) Product distribution (%)
12 13 15 17 18 19 20
N. tabacum[35] 0.065 200 10 86.6 16 <0.01 10.7 1.1 <001 <0.01
M. sativa[36] 3.2 1600 3 21 27 <0.5 52 <0.5 <0.5 <0.5
M. polymorpha 0.7 300 9 40 28 <0.5 32 <0.5 <0.5 <0.5
M. plicata 0.7 300 9 52 16 <0.5 26 <0.5 <0.5 <0.5
R. fluitans 0.7 300 9 5 23 <0.5 72 <05 <05 <0.5

aTotal amount in 200 ml cell culture medium.



A. Speicher et al./Journal of Molecular Catalysis B: Enzymatic 22 (2003) 71-77 75

O O
+
PN
13
(+)-n-Dihydro- (+)-ISO Dihydro-
carvon
carvon WOH
/\ ~
0 17 18
neo-Dihydro- n-Dihydro-
. carveol carveol
PN H H
12 ~ OH ~OH
(-)-(5R)-Carvon Of O
~ PN
20
OH /so-Dlhydro- neoiso-Dihydro-
S carveol carveol
/\ /\

(1R,5R)- (1S,5R)-
Carveol Carveol

Scheme 2. Enoate reductase/alcohol dehydrogenase reaction)i(BR)-carvone 12).

dihydrocarveold7-20). Only in rare cases the ketone 3. Conclusion

is reduced first which would lead to the intermediates

like the carveol€l5/16 (Scheme 2 These results show that the green cell suspension
Our investigations with bryophyte cell cultures in cultures of different liverworts can serve as tools in

the reduction of carvone were compared with the bioconversion reactions (0.6—7.0 mmol batches with

results obtained witiN. tabacum35] and Medicago 100-400 ml tissue cultures) for the enantio- or di-

sativa [36]. The enoate reductase step ef){(5R)- astereoselective reduction of ketongketoesters and

carvone 12) occurs with high diastereoselectivity to  «,B-unsaturated carbonyl compounds. The reduction

(+)-n-dihydrocarvone 13). The following alcohol of ketones ang3-ketoesters resulted in products ac-

dehydrogenase step yieldimgodihydrocarveol {7) cording to Prelog’s rule.

is also highly diastereoselective. In summary (see

Table 2, conversion rates and selectivities are equal

or even better than witiN. tabacumand M. sativa 4. Experimental

especially forR. fluitans(an example for GC analysis

is given inFig. 1). No side reactions like formation The sterile liverwort agar cultures were provided

of carveols 15/16) or oxygenase reactions were ob- by Prof. Dr. H. Becker and Dr. K.P. Adam, Institut

served. fur Pharmakognosie und Analytische Phytochemie,
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University of the Saarland, D-66041 Saarbriicken. All
liverwort cell cultures were handled in laminar flow
boxes under sterile conditions.

4.1. Preparation of cell suspension cultures

In the first step, the callus induction was performed
according to procedure described by Kafdf] start-
ing with gametophytes of sterile agar cultures frivin
polymorpha M. plicata, R. fluitansand A. blumeana
using a solid MSK 2.2 agar mediuf37] contain-
ing 4% of glucose and 1ppm 2,4-dichlorophenoxy
acetic acid (2,4-D). Suspension cultures were ob-
tained transferring rapidly growing callus to a modi-
fied Gamborg B5 liquid medium (100—400 niB8].
All culture flasks were agitated on a rotary shaker at
100 rpm at 20C while illuminating up to 3000 lux
and were subcultured every 4 weeks. A stationary
phase of the cell growth was observed after 2—-3

weeks. Resting suspension cultures were obtained by

filtration under sterile conditions and suspending in
a 0.05M phosphate buffer (pH 6.0). They proved to

be stable for more than 3 weeks and could be used

alternatively.

4.2. Carrying out and monitoring
bioconversion reactions

Biotransformations were started at the stationary

phase by adding the substrate (typically 50-1000 mg

or 0.6—7.5mmol, se&able ) in a minimum amount
of ethanol to culture flasks containing 200—-400 ml of
liquid medium (dry cell mass after workup: 3-809).
The bioconversion was monitored up to 10 days
(GC analyses of batch probes after filtration through
a Chem EIU? cartridge) and worked up by filtra-

tion from the biomass, saturating the aqueous layer [17]

with (NH4)2SO4 or NaCl and extraction with di-

A. Speicher et al./Journal of Molecular Catalysis B: Enzymatic 22 (2003) 71-77
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