Enzymatic Reduction of Ketones in
“Micro-aqueous” Media Catalyzed by
ADH-A from Rhodococcus ruber
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Mono- and biphasic agueous —organic solvent systems (50% v v 1) as well as micro-agueous organic systems (99% v v
employed for the biocatalytic reduction of ketones catalyzed by alcohol dehydrogenase ADH-A from
P of the organic solvent and the enzyme activity

A clear correlation between the log

micrc-agueous organic solvent (99%

~1) were successfully
Rhodococcus ruber via hydrogen transfer.
—the higher, the better —was found. The use of organic

solvents allowed highly stereoselective enzymatic carbonyl reductions at substrate concentrations close to 2.0 M.

The use of alcohol dehydrogenases (ADHSs) for the stereo-the majority of ketones of interest are highly hydrophobic,
selective reduction of ketones and/or the oxidation of racemic and thus possess low solubility in aqueous media, which
alcohols has gained increasing relevance during the past fewleads to low substrate concentrations ranging fref to

years! in particular for the synthesis of important intermedi-
ates of pharmaceuticals and bioactive compodtswever,
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10 mM. One of the traditional methods used to overcome
this drawback is the usage of organic solvents, widely
employed in the case of hydrolasdédowever, this technique
has been scarcely applied for biocatalytic redox processes.
For instance, immobilized and pure horse liver alcohol
dehydrogenase (HLADHM)and whole cells of baker's yedst

or Geotrichum candidufrwere shown to be active in hexane
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Figure 1. Effect of different organic solvents in aqueous—organic (50% % and micro-aqueous (99% v 1) organic solvent systems
on the enzymatic reduction df catalyzed by ADH-A fromRhodococcus ruber. Reactions were performed both Rittoli/ADH-A cells
(30 V) and with recombinant enzyme (1.1 W 24 h). logP (®) values are plotted to correlate enzyme activities with the hydrophobicity

of the organic solvents.

or benzene, respectively. In order to improve activities of organic-solvent stability of ADH-A using the recombinant
whole microbial cells in organic solvents, the cells had to enzymes and lyophilized whole cells & coli harboring
be immobilized®” Subsequently, when purified enzymes the overexpressed protein (E. coli/ADH-A).

were employed as biocatalysts in biphasic systems, the Two different solvent systems were employed for the
percentage of employed organic solvent was rather linfited, reduction of the model substrate 2-octanone (1a)3p2A-

probably due to the unstability of ADHSs in this medium.

octanol (1b): (a) organic cosolvent at 50% vhand (b)

We have recently demonstrated that alcohol dehydrogenasenicro-aqueous organic solvent at 99% V¥

ADH-A from Rhodococcus rubeDSM 44542 overex-

(a) Mono- or biphasic agueot®rganic solvent systems:

pressed irE. coli'® catalyzes the reduction of the ketones ag shown in Figure 1, lyophilized whole cells & coli/
with simultaneous cofactor-recycling in a coupled substrate ApH-a were fully active in all mono- or biphasic aqueetis
approach using 2-propanol as hydrogen donor (Scherfte 1). organic solvent systems at 50% vivA moderate decrease

Scheme 1. Enzymatic Reduction of 2-octanone Catalyzed by

ADH-A in Agueous—Organic and Micro-aqueous Media
Employing a Coupled Substrate Approach
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This enzyme showed impressive operational stability in the
presence of high concentrations of 2-propanol (up to 80% v

of conversion after 24 h was observed for recombinant
ADH-A, indicating probably a slight deactivation of the
enzyme. Detailed analysis of the solvent-effects showed a
continuous decrease of reaction rate upon gradual increase
of solvent concentration (detailed data are given in the
Supporting Information). In all cases, the stereoselectivity
of the enzyme remained completely intact leading to enan-
tiopure (S)-1b, emphasizing the robustness of the enzyme.
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(b) For micro-aqueous organic solvent systems at 99% v filtration.® Thus, the feasibility of recyclin. coli/ADH-A
vl the picture drastically changed (Figure 1): water- was investigated for the reduction b&in 99% hexane and
miscible solvents (DMSO, acetonitrile, 1,4-dioxane, EtOH) toluene. Reusing. coli/ADH-A afforded the same excellent
led to complete deactivation &:. coli/ADH-A and recom- stereoselectivity during all the cycles, thus enantiopure
binant ADH-A. Marginal activity was retained in 2-propanol, (S)-lbwas obtained. It was also observed that Ehecoli
which also acts as cosubstrate. In contrast, water-immisciblecells showed activity until the fifth cycle, in which no
solvents proved to be more biocompatible: reaction rates reaction was observed for both solvents any more, allowing
fully recovered withE. coli/ADH-A and even with cell-free  to recycle the biocatalyst during four times until its total
ADH-A, deactivation was modest.Overall, a clear cor-  deactivation.
relation between the hydrophobicity of the solvents (ex-  The flexibility of ADH-A (E. coli/ADH-A or in partially
pressed as loB)*® and enzyme activity can be seen: whereas purified form) concerning its substrate spectrum was dem-
hydrophilic (water-miscible) organic solvents (I6g< 0) onstrated in micro-aqueous hexane. As shown in Table 1, a
lead to complete deactivation, high biocompatibility is found
for hydrophobic solvents (lod® > 2), such as toluene,
cyclohexane and hexane.

The influence of the substrate concentrati@a)(on the
activity and stereoselectivity dE. col/ADH-A cells was ‘
studied in 99% v v* hexane (Figure 2). Although apparent o  Meroadueods hexane 4, OH

R1)J\R2 2-PrOH/ NADH/ 30°C  R{™ 'Ry

" e »09%

2a-8a 2b-8b

Table 1. ADH-A-Catalyzed Bioreduction of Ketones in
Micro-aqueous Hexane (99% v )2

100 24

o} e}
Cl
A\
AN T20
2a 3

=
16 a
s =1 i C'WO\K
< 12 2 /\/\)K/ o O
O >
g 4a 5a
108 g o o o
\ & %, @ij SN
N 7
0.4 5
- 6a 7a 8a
0 . . . . . 0.0
20 60 100 140 180 220 260
4 E. coli/ADH-A rec ADH-A
substrate conc (g L")
Figure 2. Effect of substrate concentratioha) on conversion®) substrate  product’  time (h) ¢ (%)  time (h) ¢ (%)
and space time yielda), expressed as g of ketone consumed per 2a (S)-2b 42 67.3 42 63.1
L of solution hr* of E. coli/ADH-A (dashed line, 24 h) aond purified 3a (R)-8b¢ 40 96.3 42 48.1
?(SHb-Aﬁ(sojﬁl lAIrE)eH48 r|1)t|_n micro-agqueous hexane (99% containing 4a (S)-4b 30 14.4 24 20.1
o butter solution). 5a (R)-5b° 30 >99 30 68.8
6a 6b 24 56.1 30 76.6
. | | d sub . 7a (8)-7b 32 35.4 24 41.8
conversions were lower at elevated substrate concentrations, g, (25.55)-8b o4 76.4 49 741

the space time yield (expressed as g of 2-octanbae | detail X . 0
; ; ; a For experimental details see the Supporting Informatiae >99%.
fnog‘;”mmufnd ;’teg '540‘;\As‘z|1‘12t(')°”g—?1)'”‘ze;srﬁ?ér r‘;ﬁgg;?agtea ¢ Switch in CIP priority.d Sole product (25,5S)-hexanediol (8b).
concentration-conversion profile—albeit with a slightly re-
duced maximumrwas obtained for recombinant ADH-A,
which exihibited a maximum space time yield at 1.42 M

) - ©
substrate concentratiate (180 g L™). Surprisingly, even e steric requirements of the substrate, variable reaction

at concentrations close to 2.0 M, recombinant ADH-A i o5 \yere required to reach moderate or good conversions.
exhibited reasonable activity, which is an important step for For instance, enantiopureR)-3b, an important pharma-

up-scaling. The stereoselectivity of the enzyme remained intermediaté® was obtained with 96% conversion in 99%

completely unchanged at elevated substrate concentration§]e)(ane after 40 h usir. coli/ADH-A. Finally, a diketone

and (S)-1bwas obtained in enantiopure form. (8a) was employed as substrate. Similar to the results
One of the major advantages of using mMICro-aquUeoUs gyyained in buffef? enantiopure (859-2,5-hexanediolgb)

organic solvents is the facilitated recovery of enzymes by was achieved as the sole product. We were pleased, that no

trace of the intermediate keto-alcohol was observed after 24

set of aromatic, linear and cyclic ketones (2a—7a) was
reduced to the corresponding alcoh@ls—7b. Depending

(14) Detailed experiments showed that at least 0.5% of water is
required for activity.
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h (c 76%, E. coll/ADH-A) or 42 h (c 74%, recombinant  clear correlation between Idgand the biocompatibililty of
ADH-A). In each case, the newly generatsdc-alcohol the organic solvent—the higher, the better—was observed,
moieties were formed with absolute specificise(>99%). which is in contrast to recent observations using ABHs.
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