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DESIGNER CELLS FOR ENANTIOSECECTIVE REDUCTION OF KETONES AND

USE THEREOF IN EFFICIENT PRODUCTION OF ENANTIOENRICHED
ALCOHOLS

FIELD OF THE INVENTION

The present invention relates to whole cell biocatalysts and use thereof in efficient production of
enantioenriched alcohols. More specifically, the present invention relates to the development of
whole cell-biocatalysts referred herein as “designer cells” having significantly enhanced
conversion rate for asymmetric reduction of variant ketones té their alcohols in high
enantiomeric excess. In particular, the present invention relates to the development of a designer
cell having significantly enhanced conversion rate for efficient conversion of ethyl 4-chloro-3-
oxobutyrate represented by formula 1 to prbduce ethyl (S)-4-chloro-3-hydroxybutyrate
represented by formuia 2 in >99.9% enantiomeric excess, which is useful as chiral building block
and an intermediate for the production of hydroxymethylglutaryl-CoA (HMG-CoA) reductase -

inhibitors.

o O OH O

C‘MO/\ C'.\/'\/U\O/\

Formula 1 ' Formula 2

BACKGROUND OF THE INVENTION
In the prior art, examples of methods for preparation of industrially important opt{cally
active alcohols including ethyl (S)-4-chloro-3-hydroxybutyrate with-the use of wild type whole

cell biocatalysts isolated from variant,sources like Geotrichum candidum (Sundby, E. et al.

 Journal of Molecular Catalysis B: Enzymatic 2003, 21, 63-66), Candida parapsilosis

(Kaliaperumal, T. et al. Journal of Industrial Microbiology & Biotechnology 2010, 37, 159-165),
Candida magnoliae (Yasohara, Y. et al. Applied Microbiology and Biotechnology 1999, 51, 847-
851), Cylindrocarpon sclerotigenum (Saratani, Y. et al. Bioscience, Biotechnology, and
Biochemistry 2001, 65, 1676-1679), Kluveromyces lactis (Yamamoto, H., et al. Bioscience,
Biotechnology, and Biochemistry 2002, 66, 1775-1778), Kluyveromyces ‘aestuarii (Yamamoto,
H. et al. Bioscience, Biotechnology, and Biochemistry 2004, 68, 638-649), Aureobasidium
pullulans (He, J. Y. et al. Process Biochemistry 2006, 41, 244-249), Pichia stipitis (Ye, Q. et al.
Biotechnology Leiters 2009, 31, 537-542) and Streptomyces coelicolor (Wang, L. J. et al.

1
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Bioresource Technology 2011, 102, 7023-7028) have been described. Further, methods for

producing ethyl (S)-4-chloro-3-hydroxybutyrate with the use of wild type whole cell biocatalysts
have been disclosed in US patent No. 99/5891685; US patent No. 97/5700670; US patent No.
96/5559030; US patent No. 95/5413921; US patent No. 90/4933282 and US patent No.
87/4710468. Although, the methods that describe use of wild type microorganism for reduction
of carbonyl group to corresponding alcohol exist, these suffer from drawbacks, such as lower
efficiency, lower substrate céncentration, lower optical purity, etc. Therefore, it is impractical to
synthesize .industrially important optically active alcohols including ethyl (S)-4-chloro-3-

hydroxybutyrate using wild type natural whole cell biocatalysts.

Further known methods to improve optical purity of industrially important optically
active alcohols including ethyl (S)-4-chloro-3-hydroxybutyrate, include the use of an enzyme
purified from the native source, like Candida magnoliae (Wada, M. et al. Bioscience,
Biotechnology, and Biochemistry 1998, 62, 280-285), Sporobolomyces salmonicolor (Kita, K. et
al. Journal of Molecular Catalysis B: Enzymatic 1999, 6, 305-313), Kluyveromyces lactis
(Yamamoto, H. et al. Bioscience, Biotechnology, and Biochemistry 2002, 66, 1775-1778),
Kluyveromyces aestuarii (Yamamoto, H. et al. Bioscience, Biotechnology, and Biochemistry
2004, 68, 638-649), Pichia stipitis (Ye, Q., et al. Bioresource T echnblogy 2009, 100, 6022-6027)
and Streptomyces coelicolor (Wang, L. J. et al. Bioresource Technology 2011, 102, 7023-7028).

When a purified enzyme or transformant having carbonyl reductase activity reduces
carbonyl group of ketones including ethyl 4-chloro-3-dx0butyrate, it requires a coenzyme,
nicotinamide adenine dinucleotide, reduced (NADH) or nicotinamide adenine dinucleotide
phosphate, reduced (NADPH) for preparation of industrially important optically active alcohols
including ethyl (S)-4-chloro-3-hydroxybutyrate. As the reaction proceeds, coenzyme is converted
into nicotinamide adenine dinucleotide phosphate, reduced (NADPH) or nicotinamide adenine\
dinucleotide phosphate (NADP). In the absence of cofactor regenerating system, stoichiometric
amount of expansive cofactor is required. However, wheﬁ the reaction is done in presence of a
cofactor regenerating system, the amount of an expansive coenzyme is greatly reduced. A
cofactor regenerating system typically consists of an enzyme which in presence of its substrate
converts nicotinamide adenine dinucleotide phosphate, reduced (NADPH) or nicotinamide
adenine dinucleotide phosphate (NADP) to nicotinamide adenine dinucleotide, reduced NADH)
or nicotinamide adenine dinucleotidé phosphate, reduced (NADPH). Coenzyme regeneration
ability can be fulfilled either by the use of purified enzyme (Yasohara, Y. et al. Bioscience,
Biotechnology, and Biochemistry 2000, 64, 1430-1436; Kaluzna, 1. A. et al. Journal of the
American Chemical Society 2004, 126, 12827-12832; Zhu, D. et al. The Jodrnal of Organic

2
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Chemistry 2006, 71, 4202-4205; Ye, Q. et al. Biotechnology Letters 2009, 31, 537-542), or a

transformant having coenzyme regeneration ability in the cytoplasm (Xu, Z. et al. Applied
Microbiology and Biotechnology 2006, 70, 40-46; Zhang, J. et al. Chemical Communications
2006, 398—400). '

Methods such as in vitro enzyme evolution using gene shuffling technologies have
been employed to improve the activity of a ketoreductase that asymmetrically reduces ethyl 4-
chloro-3-oxobutyrate by about 13-fold and glucose dehydrogenase that recycles cofactor
nicotinamide adenine dinucleotide phosphate (NADP) or nicotinamide adenine dinucleotide
phosphate, reduced (NADPH) using glucose a substrate by about 7-fold compared to
corresponding wild type enzyme (Steve K. Ma et al. Green Chemistry 2010, /2, 81-86; US
patent No. 10/0028972; US patent No. 10/7816111).

However, the use of an isolated enzyme requires additional steps, such as isolation,
purification and stabilization of enzyme, which adds to the cost and makes the overall process for
production of optically active alcohols economically unattractive. In addition, inhibition of
enzyme by substrate and/or product can sometimes occur. The use of two enzymes, one for
reduction of carbonyl compound and other for cofactor recycling along with two substrates, one
for each enzyme leads to complex overall kinetics of the reaction. Put together, these factors
make the use of isolated enzymes less attractive compared to use of whole cells in the
preparation of enantiomerically enriched alcohols including ethyl (S)-4-chloro-3-

hydroxybutyrate.

To overcome the problem of low efficiency associated with wild type strains, the gene
encoding the carbonyl reductase activity can be deduced and overexpressed in a host cell.
Further improvement in efficiency of whole cell biocatalyst for production of enantiomerically
enriched alcohols including ethyl (S)-4-chloro-3-hydroxybutyrate is achieved by coexpressing
both carbonyl reductase and coenzyme regeneration ability in the cytoplasm of same host
(Kizaki, N. et al. Applied Microbiology and Biotechnology 2001, 55, 590-595, Kataoka, M. et al.
Enzyme and MicrobiaZ Technology 2006, 38, 944-951; Ye, Q. et al. Bioresource Technology
2010, 101, 6761-6767).

However, the method that use either a transformant wherein carbonyl reductase ability

is present or a transformant wherein both carbonyl reductase and coenzyme regenerating ability

“is present in the cytoplasm of cells suffers from drawbacks such as low efficiency due to barrier

imposed by plasma membrane on substrate uptake and product efflux, complex kinetics of the

overall process, etc.
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Consequently, the current methods for the production of optically pure ethyl (S)-4-

chloro-3-hydroxybutyrate and other optically enriched alcohols suffer from drawback such as

low efficiency, low productivity, etc., which therefore results in increased cost of production.

The art of expressing a protein including enzymes on surface of cells is well known (Lee,
S. Y. et al. Trends in Biotechnology 2003, 21, 45-52) and has been used in a wide range of
biotechnological and industrial applications like whole-cell biocatalyst for bioconversion
(Shimazu, M. et al. Protein. Biotechnology Progress 2001, 17, 76-80; Shimazu, M. et al.
Biotechnology and Bioengineering 2001, 76, 318-324), bioadsorbent for the removal of harmful
chemicals and heavy metals (Bae, W. et al. Biotechnology and Bioengineering 2000, 70, 518-
524; Bae, W. et al. J Inorg Biochem 2002, 88, 223-227; Sousa, C. et al. J. Bacteriol. 1998, 180,
2280-2284; Xu, Z. et al. Appl Environ Microbiol 1999, 65, 5142-5147), screening of human -
antibodies libraries (Chao, G. et al. Nat. Protocols 2006, [, 755-768), mutation detection (Aoki,
T. et al. Analytical Biochemistry 2002, 300, 103-106), biosensor development by anchoring
enzymes, receptors or other signal-sensitive components (Dhillon, J. K. et al. Letters in Applied
Microbiology 1999, 28, 350-354; Shibasaki, S. et al. Applied Microbiology and Biotechnology
2001, 57, 702-707, Shibasaki, S. S. et al. Applied Microbiology and Biotechnology 2001, 57,
528-533).

More recently, a method for simultaneous display of a target protein ihcluding
dehydrogenase but not carbonyl reductase and glucose dehydrogenase has been disclosed in US
patent No. 11/7897366. Usually the cell surface proteins or their truncated form (carrier proteins)
fused with the target peptide or protein (passenger protein) are used to display the protein on the
surface. Gram (-) ve (Escherichia coli), gram (+) ve (Bacillus subtilis, Staphylococcus strains)
bacteria and yeast (Saccharomyces cerevisiae, Pichia pastoris) have been explored for display of
heterologous protein expression on the surface. Rigid structure of the cell wall of gram (+) ve
bacteria makes it a suitable host, however, the gfam (-) ve Escherichia coli has been the most
popular and much explored for the cell surface display. Integral proteins of Escherichia coli,
such as LamB, FhuA, and the porins OmpA, OmpC and OmpX, which give structural rigidity to
outer membrane has been extensively used for insertion of short amino acid sequence (up to 60
amino acid) in extracellular loop and display it on the cell surface. Outer membrane lipoproteins

are anchored in the membrane by a small lipid modified amino terminal. The first lipoprotein

‘based cell surface display was Lpp—OmpA chimera consisting of the 20 amino acid signal

sequence and first nine N-terminal residues of the mature Escherichia coli lipoprotein, and the
residues 46159 of the Escherichia coli outer membrane protein A (OmpA) were fused to the N-

terminal of the passenger‘ protein.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: Examples of compounds serving as substrates.

Figure 2: Examples of compounds serving as products.

‘Figure 3: Schematic representation of “CRS polypeptide” construct corresponding to SEQ ID

No: 1, 3,5 or 7. The sequence consists of (i) N-terminal 20-amino acid signal sequence linked to
first nine N-terminal residues of mature Escherichia coli lipoprotein (Lpp), (ii) residues 46-159
of Escherichia coli outer membrane proteinA (OmpA), which is expected to transport the
passenger protein fused at its C-terminal across the membrane and (iii) full sequence of CRS,
wherein CRS is wild type carbonyl reductase of Candida magnoliae SEQ ID NO: 13 or
modified carbonyl reductase SEQ ID No: 15, 17 or 19, which differs from SEQ ID NO: 13 by
having several amino acid substitutions. The 1% 29 aa residue signal + Lpp peptide was linked to
114 aa OmpA residue through Gly-Ile linker, which in turn was attached to N-terminal of CRS
through Gly-Ile-Pro-Gly. Figure 4: Schematic representation of “GDH polypeptide” construct
corrésponding to SEQ ID No: 9 or 11. The sequence consists of (i) N-terminal 20-amino acid
signal sequence linked to first nine N-terminal residues of mature Escherichia coli lipoprotein
(Lpp), (i1) residues 46-159 of Escherichia coli outer membrane protein A (OmpA), which is
expected to transport the passenger protein fused at its C-terminal across the membrane and (iii)
full sequence of GDH, wherein GDH is wild type glucose dehydrogenase of Bacillus
megaterium SEQ ID NO: 21 or modified glucose dehydrogenase SEQ ID NO: 23, which differs
from SEQ ID NO: 21 by having several amino acid substitutions. The 1% 29 aa residue signal +
Lpp peptide was linked to 114 aa OmpA residue through Gly-lle linker, which in turn was
attached to N-terminal of GDH through Gly-Ile-Pro-Gly.

Figure 5: Method and structure of recombinant vector pET23(a)-omp-CRS.
Figure 6: Method and structure of recombinant vector pPETDuetl-omp-CRS, omp-GDH.

Figure 7: Transmission electron micrographs (TEM) of ‘Designer whole-cell biocatalyst’
expressing CRS on the surface of Escherichia coli cells. The cells were probed with rabbit anti-
CRS polyclonal antibody followed by nanogold labeled goat anti-rabbit IgG (whole molecule)
secondary antibody. Arrowheads denote gold particles. Figure 7a is TEM of Escherichia coli
BL21(DE3) + pET 23(a) i.e. negative controbl, which does not show any gold labeling. Figure 7b
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shows TEM of Escherichia coli BL21(DE3) + pET 23(a)-omp-CRS that expresses CRS on

surface, which shows intense gold labeling.

SUMMARY OF THE INVENTION

The present invention provides an Escherichia coli strain that expresses a CRS
polypeptide on the surface of cell that has 250-fold to 300-fold enhanced rate of conversion per
unit mass of CRS polypeptide compared to corresponding prior art Escherichia coli strain that
expresses CRS in cytoplasm of cell for reduction of ethyl 4-chloro-3-oxobutyrate to ethyl 4-
chloro-3-hydroxybutyrate.

In an embodiment, the recombinant FEscherichia coli strain that expresses CRS
polypeptide on the surface of cell has 50-fold to 275-fold enhanced rate 6f conversion per unit
mass of CRS polypeptide compared to corresponding prior arf Escherichia coli strain that
expresses CRS in cytoplasm of cell for asymmetric reduction of variant keto compounds.

In an embodiment, recombinant Escherichia coli strain that expresses a CRS polypeptide
on the surface of cell that has about 3-fold to 26-fold enhanced rate of conversion per unit cell
mass compared to corresponding prior art Escherichia coli strain that expresses CRS in
cytoplasm of cell for reduction of variant keto compounds

In another aspect the invention is directed to provide a recombinant Escherichia coli
strain that simultaneously expresses a CRS polypeptide and a GDH polypeptide on the surface of
cell that has 250-fold to 300-fold enhanced rate of conversion for reduction of ethyl 4-chloro-3-
oxobutyrate to ethyl 4-chloro-3-hydroxybutyrate per unit mass of CRS polypeptide and 200-fold
to 250-fold enhanced activity for oxidation of glucose to gluconate per unit mass GDH
polypeptide compared to Escherichia coli strain that simultaneously expresses a CRS and a
GDH in cytoplasrh of Escherichia coli cell.

Ih an embodiment, the recombinant Escherichia coli strain that simultaneously expresses
a CRS polypeptide and a GDH polypeptide on the surface of cell has about 50-fold to 270-fold
enhanced rate of conversion per unit mass of CRS protein comparéd to corresponding prior art
Escherichia coli strain that simultaneously expresses a CRS polypeptide and a GDH polypeptide
in cytoplasm of cell for reduction of variant ketones.

In an embodiment, recombinant Escherichia coli strain that simultaneously expresses a
CRS polypeptide and a GDH polypeptide on the surface of cell that has about 3-fold to 24-fold

enhanced rate of conversion per unit cell mass compared to corresponding prior art Escherichia
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coli strain that simultaneously expresses a CRS polypeptide and a GDH polypeptide in

cytoplasm of cell for reduction of variant keto compounds

In one embodiment, the variant ketone is an aliphatic. compoﬁnd represented by formula
3; wherein R; = CH;, CH>X, (CH3),CH, CF3 or CH3(CHy), and R, = H, X or CH3(CH,), and R3
= alkyl group such as CHj3 or CH3(CH3), and X = Cl or Br and n = 1-4 and m = 1-8.

In a more preferred embodiments, R; is CH,Cl, R; is H and Rj3 is CH,CHj; or R, is CH;,
R; is H and Rj3 is CH,CHjs or R is CH,Cl, R, is H and Rj3 is (CH;);CHs or R} is CHj, R; is Cl
and R; is CH,CH; or R, is CF3, Ry is H and R3 is CH,CH; or R is (CHj3),CH, R, is H and Rj is
CH,CHs.

In another embodiment, the variant ketone is an aromatic compound represented by
general formula 4 wherein R |=R,=R;=R4=Rs=H, CHj, F, Cl, Br, I, CF3, NO; or OCHj3 and R¢=
alkyl group such as CH3 or CH3(CH3), and n=1 to 5.

In an embodiment, the Escherichia coli strain is selected from Escherichia coli BL21(DE3),
Escherichia coli C41(DE3) or Escherichia coli C43(DE3).

In a preferred embodiment, the ratevof conversion of ethyl 4-chloro-3-oxobutyrate to ethyl
(S)-4-chloro-3-hydroxybutyrate with nicotinamide adenine dinucleotide bhosphate, reduced
(NADPH) as cofactor is 1.3-fold higher when Escherichia coli strain BL21(DE3) that
sirﬁultaneously expresses a CRS polypeptide and a GDH polypeptide on surface of cell is
replaced with Escherichia coli C41(DE3) that simultaneously exprésses a CRS polypeptide and a
GDH polypeptide on surface of cell.

In another preferred embodiment, the rate of conversion of ethyl 4-chloro-3-oxobutyrate to

ethyl (S)-4-chloro-3-hydroxybutyrate with nicotinamide adenine dinucleotide phosphate, reduced

- (NADPH) as cofactor is about 1.6-fold higher with Escherichia coli strain C41(DE3) that

simultaneously expresses a CRS polypeptide and a GDH polypeptide on surface of cell
compared to Escherichia coli strain BL21(DE3) that expresses only CRS polypeptide on the
surface of cell, requiring addition of external GDH for cofactor recycling. '

In a specific embodiment, the present invention provide a production method for
producing industrially important - ethyl ‘(S)-4-chloro-3-hydroxybutyrate in about 100%

enantiomeric excess with high productivity and product accumulation of at least 150 g I

DETAILED DESCRIPTION .OF THE INVENTION

While the invention is susceptible to various modifications and/or alternative processes
and/or compositions, specific embodiment thereof has been shown by way of example in the
drawings/figures and tables and will be described in detail below. It should be understood,

however that it is not intended to limit the invention to the particular processes and/or
| 7
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compositions disclosed, but on the contrary, the invention is to cover all modifications,

equivalents, and alternative falling within the spirit and the scope of the invention as defined by

the appended claims.

The graphs, figures, tables, formulas and protocols have been represented where
appropriate by conventional representations in the drawings, showing only those specific details
that are pertinent to understanding the embodiments of the present invention so as not to obscure
the disclosure with details that will be readily apparent to those of ordinary skill in the art having

benefit of the description herein.

The following description is of exemplary embodiments only and is not intended to limit
the scope, applicability or configuration of the invention in any way. Rather, the following
description provides a convenient illustration for implementing exemplary embodiments of the
invention. Various changes to the described embodiments may be made in the function and

arrangement of the elements described without departing from the scope of the invention.

The terms "comprises”, "comprising", or any other variations thereof, are intended to
cover a non-exclusive inclusion, such that one or more processes or composition/s or systems or
methods proceeded by "comprises... a" does not, without more constraints, preclude the existence
of other processes, sub-processes, composition, sub-compositions, minor or major compositions
or other elements or other structures or additional processes or compdsitions or additional

elements or additional features or additional characteristics or additional attributes.
Definitions:

For the purposes of this invention, the following terms will have the meaning as specified

‘therein:

“CRS polypeptide’” refers to an amino acid sequence which is schematically shown in

Figure 3.
“GDH polypeptide” refers to a sequence which is schematically shown in Figure 4.

“Carbonyl reductase” and “CRS” are used interchangeably and refer to polypeptide that
converts a ketone and nicotinamide adenine dinucleotide phosphate, reduced (NADPH) to

corresponding alcohol and nicotinamide adenine dinucleotidé phosphate (NADP).

“Glucose dehydrogenase” and “GDH” are used interchangeably and refers to a
polypeptide that converts glucose and nicotinamide adenine dinucleotide phosphate (NADP) to

gluconate and nicotinamide adenine dinucleotide phosphate, reduced (NADPH).
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In the description, the term ‘designer cell’ refers herein to a recombinant strain of

Escherichia coli that catalyze the asymmetric reduction of variant ketones to produce

enantioenriched alcohols using catalytic amount of reduced nicotinamide adenine dinucleotide
phosphate (NADPH) as a reducing agent with or without addition of external co-factor recycling
system for oxidation of nicotinamide adenine dinucleotide phosphate (NADP) to nicotinamide

adenine dinucleotide phosphate, reduced (NADPH).

Further, the term “cofactor recycling system” refers herein to a set of reagents which are
added to the reactig)n for conversion of spent cofactor back to its pre-reaction state. For example,
in conversion of ketone to alcohol by CRS, cofactor nicotinamide adenine dinucleotide
phosphate, reduced (NADPH) gets converted to nicotinamide adenine dinucleotide phosphate
(NADP) (spent cofactor). Addition of reagents, GDH and glucose to the reaction will result in
regeneration of nicotinamide adenine dinucleotide phosphate, reduced (NADPH) from

nicotinamide adenine dinucleotide phosphate (NADP).

Further, the term “CRS polypeptide’” refers to an amino acid sequence which is
schematically shown in Figure 3 in which CRS is wild type carbonyl reductase of Candida
magnoliae SEQ ID NO: 13 or modified carbonyl reductase that differs from SEQ ID NO: 13 by
having several amino acid substitutions, such as SEQ ID NO: 15 (P14A, S42N, A194V, I1275V)
or SEQ ID NO: 17 (P14A, S42N, V147A, A194V, E234G) or SEQ ID NO: 19 (E9G, P14A,
N20S, S42N, T190A, A194V, E234G).

Further GDH polypeptide refers to a sequence which is schematically shown in Figure 4
in which GDH is wild type glucose dehydrogenase of Bacillus megaterium SEQ ID NO: 21 or
modified glucose dehydrogenase that differs from SEQ ID NO: 21 by having several amino acid
substitution such as SEQ ID NO: 23 (S16T, E170K, P194T, A197K, E222D, S237C).

As used herein, the terms “carbonyl reductase” and “CRS” are»used-interchangeably and
refer to polypeptide that converts a ketone and nicotinamide adenine dinucleotide phosphate,
reduced (NADPH) to cofresponding alcohol and nicotinamide adenine dinucleotide phosphate
(NADP). Further, the terms “glucose dehydrogenase” and “GDH” are used interchangeably and
refers to a polypeptide that converts glucose and nicotinamide adenine dinucleotide phosphate

(NADP) to gluconate and nicotinamide adenine dinucleotide phosphate, reduced (NADPH).

The present invention provides whole cell-biocatalyst referred herein as “designer cell”
having significantly enhanced conversion rate for enantioselective reduction of variant ketones to
their alcohols in high enantiomeric excess In particular, the present invention relates to the

development of a designer cell having significantly enhanced conversion rate for efficient

9
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. B, b5 : .o
conversion of ethyl 4-chloro-3-oxobutyrate represented b;“/ formula 1 to produce ethyl (S)-4-

chloro-3-hydroxybutyrate represented by formula 2 in >99.9% enantiomeric excess, which is
useful as chiral building block and an intermediate for the production of hydroxymethylglutaryl-
CoA (HMG-CoA) reductase inhibitors.

The present invention provides for expression of carbonyl reductase polypeptide (CRS)
on the cell surface. Further the present invention also provides for co-expression carbonyl
reductase polypeptide (CRS) and gluconase dehryogenase (GDH) on the surface surface. Thus
the present invention overcomes the existing drawback of whole-cell system expressing carbonyl
reductase in cytoplasm, wherein the carbonyl reductase polypeptide (CRS) is anchored to the
surface of cell and has shown unexpected and surpising enhanced conversion rate per unit mass
of CRS polypeptide compared to carbonyl reductase expressed in cytoplasm of same host for the
conversion of ethyl 4-chloro-3-oxobutyrate to industrially important ethyl (S)-4-chloro-3-
hydroxybutyrate. Likewise the present invention also overcome the existing drawback of of
whole-cell system co-expression CRS and GDH enzymes in cytoplasm, wherein the CRS and
GDH are anchored to the surface of cell and coexpressed, wherein the coexpresion has shown
unexpected and surpising enhanced expression. Moreover, an enzymes expressed in such a
manner is expected to behave like a pure, immobilized enzymes, thereby obviating the need for
cost-intensive isolation, purification and stabilization of the enzyme. Moreover, kinetics is
expected to be much simpler because of the fact that substrate uptake and product efflux across

plasma membrane is not required in this case.

Suprisingly the present invention works with the hypothesis that the efficiency of
designer cell can be further improved if both CRS and glucose dehydrogenase (GDH) activities
are coexpresséd in the same host, possibly because with such a biocatalyst, the cofactor
nicotinamide adenine dinucleotide phosphate, reduced | (NADPH)/nicotinamide adenine

dinucleotide phosphate (NADP) will not become completely free in solution; instead, it will get

~ channelized between CRS and GDH which are localized in close proximity on the surface of

cell.

Accordingly, the present invention provides for a designed transformant, wherein
enzyme. cérbonyl reductase and coenzyme regenerating enzyme (e.g., a glucose dehydrogenase)
are coexpressed together on the surface of cell, which has several fold improVed efficiency
compared to the transformant that expresses only CRS on the surface of a cell and requires
external addition of GDH for cofactor recycling in conversion of éthyl (S)-4-chloro-3-

oxobutanoate to ethyl (S)-4-chloro-3-hydroxybutyrate.
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The present invention provides.a method for production of industrially important ethyl

(S)-4-chloro-3-hydroxybutyrate in about 100% enantiomeric excess with high productivity and

product accumulation of at least 150 g I

The present invention also provides a ‘designer cell’ which is a recombinant strain of
Escherichia coli that catalyze the asymmetric reduction of variant ketones to produce
enantioenriched alcohols using catalytic amount of reduced nicotinamide adenine dinucleotide
phosphate (NADPH) as a reducing agent with or without addition of external co-factor recycling
system for oxidation of nicotinamide adenine dinucleotide phosphate (NADP) to nicotinamide
adenine dinucleotide phosphate, reduced (NADPH). The strain of Candia magnoliae is
AKU4643 and Bacillus megaterium is DSM 2894.

The present invention provides for a designer cell which comprises of “CRS” polypeptide
construct corresponding to SEQ ID No.1, 3, 5 or 7. The designer cell as described in the present
invention has (a) N-terminal 20-amino acid signal seqli—ence linked to first nine N-terminal
residues of mature Escherichia coli lipoprotein (Lpp); (b) residues 46-159 of Escherichia coli
outer membrane proteinA (OmpA), which is expected to transport the passenger protein fused at
its C-terminal across the membrane; and (c) full sequence of CRS, wherein CRS is wild type
carbonyl reductase of Candida magnoliae SEQ ID NO: 13 or modified carbony! reductase SEQ
ID No: 15, 17 or 19, which differs from SEQ ID NO: 13 by having several amino acid
substitutions. The 1% 29 aa residue signal + Lpp peptide was linl;ed to 114 aa OmpA residue
through Gly-Ile linker, which in turn was attached to N-terminal of CRS through Gly-Ile-Pro-Gly
(Figure 3). The modified carbonyl reductase that differs from SEQ ID NO: 13 by having several
amino acid substitutions, such as SEQ ID NO: 15 (P14A, S42N, A194V, [275V) or SEQ ID NO:
17 (P14A, S42N, VI47A, A194V, E234G) or SEQ ID NO: 19 (E9G, P14A, N20S, S42N,
T190A, A194V, E234G).

The present invention also provides for a designer cell which comprises of “GDH”
polypeptide construct corresponding to SEQ ID No.9 or 11. The designer cell as described in the
present invention has (a) N-terminal 20-amino acid signal sequence linked to first nine N-
terminal residues of mature Escherichia coli lipoprotein (Lpp); (b) residues 46-159 of
Escherichia coli outer membrane proteinA (OmpA), which is expected to transport the
passenger protein fused at its C-terminal across the membrane; and (c) full sequence of GDH,
wherein GDH is wild type glucose dehydrogenase (GDH) of Bacillus megaterium SEQ ID NO:
21 or modified carbonyl reductase SEQ ID No: 23, which differs from SEQ ID NO: 21 by
having several amino acid substitutions. The 1** 29 aa residue signal + Lpp peptide was linked to
114 aa OmpA residue through Gly-Ile linker, which in turn was attached to N-terminal of CRS
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through Gly-Ile-Pro-Gly (Figure 3). The modified gucose dehydrogenase that differs from SEQ

ID NO: 21 by having several amino acid substitution such as, SEQ ID NO: 23 (S16T, E170K,
P194T, A197K, E222D, S237C). |

The present invention- also provides for a cofactor recycling system which refers herein to
a set of reagénts which are added to the reaction for conversion of spent cofactor back to its pre-
reaction state. For example, in conversion of ketone to alcohol by designer cell, cofactor
nicotinamide adenine dinucleotide phosphate, reduced (NADPH) gets converted to nicotinamide
adenine dinucleotide phosphate (NADP) (spent cofactor). Addition of reagents, GDH and
glucose to the reaction will result in regeneration of nicotinamide adenine dinucleotide

phosphate, reduced (NADPH) from nicotinamide adeninev dinucleotide phosphate (NADP).

The invention presented herein has multiple aspects. In one aspect the invention is
directed to construction of a recombinant Escherzchza coli strain that expresses a CRS
polypeptide on the surface of cell that has 250-fold to 300-fold enhanced rate of conversion per
unit mass.of CRS polypeptlde compared to correspondmg prior art Escherichia coli strain that
expresses CRS in cytoplasm of cell for reduction of ethyl 4-chloro-3-oxobutyrate to ethyl 4-
chloro-3-hydroxybutyrate as measured by decrease in absorbance of nicotinamide adenine
dinucleotide phosphate, reduced (NADPH). The relative amount of CRS polypeptide was

determined by immunoblotting (Example 7).

In an embodiment, the recombinant Escherichia coli strain that expresses CRS
polypeptide on the surface of cell has about 50-fold to 275-fold enhanced rate of conversion per
unit mass of CRS protein compared to corresponding prior art Escherichia coli strain that
expresses CRS in cytoplasm of cell for reduction of variant keto compounds as measured by
decrease in absorbance of nicotinamide adenine dinucleotide phosphate, reduced (NADPH). Thé
relative CRS protein content was determined by immunoblotting (Example 7).

In one embodiment, the ketone is an aliphatic compound represented by formula 3.

Formula 3
wherein R; = CHj;, CH,X, (CH3),CH, CF; or CH3(CH,),
R, =H, X or CH3(CH»);;
R; = alkyl group such as CHs3 or CH3(CHy)m;
X =Cl or Br;
n=1-4 and
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m=1-8.

In a more preferred embodiments, R, is CH,Cl, R, is H and R3 is CH,CHj3 or R is CH;3,
R is H and Rj3 is CH,CHj or R is CH,Cl, Ry is H and Rj is (CH,);CH; or Ry is CH3, R, is Cl
and Rz is CH,CH; or Ry is CF3, R; is H and R; is CH,CHj; or R is (CH;3),CH, R; is H and R; is
CH,CH3; |

In another embodiment, the ketone is an aromatic compound represented by formula 4

Formula 4
Wherein R,=R,=R3=R4=Rs=H, CHj, F, Cl, Br, I, CF3, NO, or OCHj;
Re= alkyl group such as CH; or CH3(CHy), and'
n=1to 5.

As stated herein, the prior art Escherichia coli used for comparison of CRS activity refers
to Escherichia coli strain that expresses wild type carbonyl reductase of Candida magnoliae
SEQ ID NO: 13 or modified carbonyl reductase polypeptide SEQ ID NO: 15, SEQ ID NO: 17
or SEQ ID NO: 19 in the cytoplasm. These Escherichia coli strains were constructed by usiﬁg
the art disclosed in US Patent 2010/0028972.

In another aspect the invention is directed to construction of a recombinant Escherichia
coli strain that expresses a CRS polypeptide on the surface of cell that has about 15-fold to 26-
fold enhanced rate of conversion per unit cell mass compared to corresponding prior art
Escherichia coli strain that expresses CRS in cytoplasm of cell for reduction of ethyl 4-chloro-3-
oxobutyrate to ethyl 4-chloro-3-hydroxybutyrate as measured by decrease in absorbance of

nicotinamide adenine dinucleotide phosphate, reduced (NADPH).

In an embodiment, recombinant Escherichia coli strain that expresses a CRS polypeptide
on the surface of cell that has about 3-fold to 26-fold enhanced rate of conversion per unit cell
mass compared to corresponding prior art Escherichia coli stréin that expresses CRS in
cytoplasm of cell for reduction of variant keto compounds as measured by decrease in
absorbance of nicotinamide adenine dinucleotide phosphate, reduced (NADPH).

In one embodiment, the ketone is an aliphatic compound represented by formula 3
wherein R; = CH;, CH,X, (CH3),CH, CF; or CH3(CH,), and R; = H, X or CH3(CH,), and R3 =
alkyl group such as CH3 or CH3(CHy)m and X =Cl or Brand n = 1-4 and m = 1-8.
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In a more preferred embodiments, R, is CH,Cl, R; is H and R; is CH,CH; or R, is CHj,

R; is H and R3 is CH,CHj3 or Ry is CH,Cl, R; is H and Rs is (CH;,);CH; or R is CH3, R, is Cl
and R; is CH,CHj; or R, is CF3, R; is H and R3 is CH,CHj3 or Ry is (CH3),CH, R, is H and Rj is
CH,CH;

In another embodiment, the ketone is an aromatic compound represented by general
formula 4 wherein R;=R;=R3=R4=Rs=H, CHs, F, Cl, Br, I, CF3;, NO, or OCH; and R;r,= alkyl
group such as CH; or CH3(CH3), and n=1to 5.

In yet another aspect, the invention is directed to construction of a recombinant
Escherichia coli strain that simultaneously expresses a CRS polypeptide and a GDH polypeptide,
on the surface of cell that has 250-fold to 300-fold enhanced rate of conversion for reduction of

ethyl 4-chloro-3-oxobutyrate to ethyl 4-chloro-3-hydroxybutyrate per unit mass of CRS
polypeptide and 200-fold to 250-fold enhanced activity for oxidation of glucose to gluconate per

-unit mass GDH polypeptide compared to Escherichia coli strain that simultaneously expresses a

‘CRS and a GDH in cytoplasm of Escherichia coli cell. CRS activity was measured by decrease

in absorbance of nicotinamide adenine dinucleotide phosphate, reduced (NADPH). The relative
amount of CRS polypeptide was determined by immunoblotting (Example 7). GDH activity and
the relative amount GDH polypeptide was measured as described in Example 11.

In an embodiment, the recombinant Escherichia coli strain that simultaneously expresses
a CRS polypeptide and a GDH polypeptide on the surface of cell has about 50-fold to 270-fold
enhanced rate of conversion per unit mass of CRS protein compared to corresponding prior art
Escherichia coli strain that simultaneously expresses a CRS polypeptidé and a GDH polypeptide
in cytoplasm of cell for reduction of variant keto compounds as measured by decrease in
absorbance of nicotinamide adenine dinucleotide phosphate, reduced (NADPH). The relative
CRS protein content was determined by immunoblotting (Example 7).

In one embodiment, the ketone is an aliphatic compound represented by formula 3
wherein R; = CH3, CH,X, (CH3),CH, CF; or CH3(CH3), and R, = H, X or CH3(CH,), and R3 =
alkyl group such as CH; or CH3(CH,),, whereinn=1to 8 and X = Cl or Brand n = 1-4 and m =
1-8.

In a more preferred embodiments, R, is CH,Cl, R; is H and R3 is CH,CHj3 or R, is CH3,
R; is H and R; is CH,CHj3 or Ry is CH,CI, R; is H and Rj is (CH3);CHj3 or R; is CHs, Rz is Cl
and R3 is CH,CHj; or Ry is CF3, R, is1 H and R;3 is CH,CHj; or R, is (CH3),CH, R; is H and R; is
CH,CHj3

In another embodiment, the ketone is an aromatic compound represented by general
formula 4 wherein Ri=R,=R;=R4=Rs=H, CHj, F, Cl, Br, I, CF;, NO, or OCHj3; and R¢= alkyl

group such as CH; or CH3(CHj), and n=1 to 5.
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As stated herein, the prior art Escherichia coli used for comparison of CRS and GDH

activity fefers to Escherichia coli strain that co-expresses wild type carbonyl reductase of
Candida magnoliae SEQ ID NO: 13 and wild type glucose dehydrogenase of Bacfllus
megaterium SEQ ID NO: 21 in the cytoplasm. These Escherichia coli strains were constructed
by using the art disclosed by Kizaki, N. et al. Applied Microbiology and Biotechnology 2001, 55,
590-595. Further, it refers to Escherichia coli strains that co-express variant.carbonyl reductase
select¢d from SEQ ID NO: 15, SEQ ID NO: 17 or SEQ ID NO: 19 and variant glucose
dehydrogenase selected from SEQ ID NO: 21 SEQ ID NO: 23 in the cytoplasm. These
Escherichia coli strains were constructed based on the knowledge disclosed in Applied and
Microbial Technology, Volume 55, pages 5590-595, year 2001, US Patent 2010/0028972 and
US Patent 2010/7816111 with respect to peptide sequence, corresponding nucleotide sequences

that code for these peptides and expression vectors.

In another aspect the invention is directed to construction of Escherichia coli strain that

simultaneously expresses a CRS polypeptide and a GDH polypeptide on the surface of cell that

~ has 11-fold to 24-fold enhanced activity for reduction of ethyl 4-chloro-3-oxobutyrate to ethyl 4-

chloro-3-hydroxybutyrate per unit cell mass and 9-fold to 31-fold enhanced activity for oxidation
of glucose to gluconate per unit per unit cell mass compared to Escherichia coli strain that
simultaneously expresses CRS and GDH in cytoplasm of Escherichia coli cell. CRS activity was
measured by decrease in absorbance of nicotinamide adenine dinucleotide phosphate, reduced
(NADPH). GDH activity was measured by increase in absorbance of nicotinamide adenine

dinucleotide phosphate (NADP) (Example 11).

In an embodiment, recombinant Escherichia coli strain that simultaneously expresses a
CRS polypeptide and a GDH polypeptide on the surface of cell that has about 3-fold to 24-fold
enhanced rate of conversion per unit cell mass compared to corresponding prior art Escherichia
coli strain that simultaneously expresses a CRS polypeptide and a GDH polypeptide in
cytoplasm Aof cell for reduction of variant keto compounds as measured by decrease in
absorbance of nicotinamide adenine dinucleotide phosphate, reduced (NADPH).

In one embodiment, the ketone is an aliphatic compound represented by formula 3

wherein R; = CHj;, CH,X, (CH3),CH, CF; or CH3(CHy,), and R; = H, X or CH3(CH), and R3 =

| alkyl group such as CHjz or CH3(CHy);, whereinn=1to 8 and X=ClorBrandn=1-4and m =

1-8.
In a more preferred embodiments, R is CH,Cl, R; is H and R; is CH,CHj3 or R, is CH3,
Rz is H and R3 18 CHzCH;; or R] is CHzCl, R2 is H and R3 is (CH2)7CH3 or R] is CH3, R2 is Cl
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and Rz is CHyCHj; or R, is CF3, Ry is H and R3 is CH,CHj3 or R, is (CH3),CH, R; is H and Rj is

CH,CHjs

In another embodiment, the ketone is an aromatic compound represented by general
formula'4 wherein R;=R,=R;=R4=Rs=H, CHj, F, Cl, Br, I, CF3;, NO, or OCH; and Re= alkyl
group such as CHj; or CH3(CH,),, and n=1 to 5.

Accordingly, an object of the present invention is to provide a designer cell that has an
amino acid sequence selécted from SEQ ID NO:1, 3, 5 or 7 of the Sequence Listing with the one
or several amino acids being deleted, substituted or added in the amino acid sequence of SEQ ID
NO:1,3,50r7 of the Sequence Listing, expressed on the surface of the transformant/s, having
carbonyl reductase activity.

The DNA according to present invention codes for‘ the above polypeptide has nucleotide
sequence selected from SEQ ID NO: 2, 4, 6 or 8 of the Sequence Listing.

The plasmid according to present invention that codes for the above polypeptide is pET
23(a)-omp-CRS.

In the description, the amino acid sequence has been assigned odd number. The
nucleotide sequence coding for a particular amino acid has been assigned immediately next even
'number. For example, for amino acid sequence SEQ ID NO: 1, the corresponding coding
nucleotide sequence has been assigned sequence SEQ ID NO: 2.

The cell used according to present invention for creating a transformant is selected from
Escherichia coli BL21(DE3), Escherichia coli C41(DE3) or Escherichia coli C43(DE3).

The transformed cell used according to present invention is transformant/s which is a cell
transformed with the above plasmid pET 23(a)-omp-CRS.

In a preferred embodiment, the transformed cells is Escherichia coli BL21(DE3) + pET
23(a)-omp-CRS.

In more preferred embodiment the transformedv cell is Escherichia coli C41(DE3) + pET
23(a)-omp-CRS.

In a preferred embodiment designer cell has an amino acid sequence SEQ ID NO:1of the
Sequence Listing with the one or several/amino acids being deleted, substituted or added in the
amino acid sequence of SEQ ID NO: 1 of the Sequence Listing, expressed on the surface of the
transformant/s, having carbonyl réductase activity.

The DNA for the above polypeptide has nucleotide sequence SEQ ID NO: 2

The plasmid according to present invehti'on that codes for the above polypéptide is pET
23(a)-omp-CRS.

The cell used according to present invention for creating a transformant is selected from

Escherichia coli BL21(DE3), Escherichia coli C41(DE3) or Escherichia coli C43(DE3).
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The transformed cell used according to present invention is transformant/s which is a cell

transformed with the above plasmid pET 23(a)-omp-CRS. )

In a preferred embodiment, the transformed cell is Escherichia coli BL21(DE3) + pET
23(a)-omp-CRS. _

In more preferred embodiment the transformed cell is Escherichia coli C41(DE3) + pET
23(a)-omp-CRS.

The transformant according to the present invention that asymmetrically reduces carbonyl
group of the substrate including ethyl 4-chloro-3-oxobutyrate for producing industrially
important optically pure alcohols including ethyl (S)-4-chloro-3-hydroxybutyrate require
coenzyme nicotinamide adenine dinucleotide phosphate, reduced (NADPH). As the reaction
proceeds, coenzyme is converted to oxidation type nicotinamide adenine dinucleotide phosphate
(NADP). Conversion of the oxidation-type into a reduction type needs another enzyme having
coenzyme regeneration ability (e.g. glucose dehydrogenase).

In one embodiment, the glucose dehydrogenase is derived from Bacillus megate.rium.

Another object of the present invention is to provide designer cell coexpressing on the
surface of the transformant, of the two polypeptides, one having CRS activity has an amino acid
sequence selected from SEQ ID NO: 1, 3, 5 or 7 of the Sequence Listing with the one or several
amino acids_ being deleted, substituted or added in the amino acid sequence of SEQ ID NO: 1, 3,
5 or 7 of the Sequence Listing, which effectivély reduces ethyl (S)-4-chloro-3-hydroxybutyrate
and the other having GDH activity has an amino acid sequence selected from SEQ ID NO: 9 or

* of the Sequence Listing with the one or several amino acids being deleted, substituted or added

in the amino acid sequence of SEQ ID NO: 9 or 11 of the Sequence Listing, having coenzyme
regeneration activity for producing an optically pure ethyl (S)-4-chloro-3-hydroxybutyrate.

The DNA according to present invention codes for the above polypeptide having
carbqnyl reductase activity has nucleotide sequence selected from SEQ ID NO: 2, 4, 6 or 8 of the
Sequence Listing and for coenzyme regenerating enzyme has nucleotide sequence selected from
SEQ ID NO:10 or 12 of the Sequence Listing.

The plasmid according tb present invention coding both polypeptides having carbonyl
reductase activity and coenzyme regenerating ability is pETDuet1-omp-CRS,omp-GDH.

The transformed cell used according to present invention is transformant which is a cell
transformed with the above plasmid pETDuet1-omp-CRS,omp-GDH.

The cell used according to present invention for creating transformant having both
carbonyl reductase activity and coenzyme regenerating ability is selected from Escherichia coli

BL21(DE3), Escherichia coli C41(DE3) or Escherichia coli C43(DE3).
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In a preferred embodiment, the transformed cell is Escherichia coli BL21(DE3) + pET

pETDuet 1-omp-CRS,omp-GDH.

In more preferred embodiment, the transformed cell is Escherichia coli C41(DE3) +
pETDuet1-omp-CRS, omp-GDH. ' |

In a preferred embodiment, transformant coexpressing on the surface of the transformant,
of the two polypeptides, one having CRS activit}; has an amino acid sequence SEQ ID NO: 1 of
the Sequence Listing with the one or several amino acids being deleted, substituted or added in
the amino acid sequence of SEQ ID NO: 1 of the Sequence Listing, which effectively reduces
ethyl (S)-4—chloro-3-hydroxybutyrate and the other having GDH activity has an amino acid

.sequence SEQ ID NO: 9 of the Sequence Listing with the one or several amino acids being

deleted, substituted or added in the amino acid sequence of SEQ ID NO: 9 of the Séquence
Listing, having coenzyme regeneration activity for producing an optically pure ethyl ($)-4-
chloro-3-hydroxybutyrate. ‘

The DNA according to present invention codes for the above polypeptide having
carbonyl reductase activity has nucleotide sequence SEQ ID NO: 2 of the Sequence Listing and
for coenzyme regenerating enzyme has nucleotide sequence SEQ ID NO:10 of the Sequence
Listing. ,

The plasmid according to present invention coding both polypeptides having carbonyl
reductase activity and coenzyme regenerating ability is pETDuetl-omp-CRS; omp-GDH.

The transformed cell used according to present invention is transformant which is a cell
transformed with the above plasmid pETDuet!-omp-CRS; omp-GDH.

In a preferred embodiment, the transformed cell is Escherichia coli BL21(DE3) + pET

- pETDuetl-omp-CRS,omp-GDH.

The cell used according to present invention for creating transformaﬁt having both
carbonyl reductase activity and coenzyme regenerating ability is selected from Escherichia coli
BL21(DE3), Escherichia coli C41(DE3) or Escherichia coli C43(DE3).

In more preferred embodiment, the transformed cell ‘is Escherichia coli C41(DE3) +
pETDuetl-omp-CRS; omp-GDH. ‘

Another object of the present invention is to provide for a production method for
producing industrially important optically active alcohols includes culture condition for the
transformant/s, harvesting the culture, reaction éondition for substrates having catbonyl group
and harvesting the produced optically active alcohols.

In one embodiment, the ketone is an aliphatic compound represented by formula 3 and

the resultant optically active alcohol is represented by formula 5.
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OH O
R; oRs
R,
Formula 5
wherein R; = CH3, CH,X, (CH3),CH, CF; or CH3(CH,),
R, =H, X or CH3(CH)),;

R; = alkyl group such as CH3 or CH3(CHp)m;

X =ClorBr;
n=1-4 and
m=1-8.

In a more preferred embodiment, R, is CH,Cl, R; is H and R3 is CH,CH5 or R, is CH3, R,
is H and Rj is CH,CHj3 or Ry is CH,Cl, R, is H and Rj3 is (CH,);CHj or R; is CH3, R; is Cl and
R; is CH,CH; or Ry is CF3, Ry is H and Rg is CH,CH3 or Ry is (CH3),CH, R; is H and Rj3 is
CH,CH; ' | |

In another embodiment, the ketone is an aromatic compound represented by formula 4

and the resultant optically active alcohol is represented formulae 6

Rs OH
R .
5 Re
R/ R
' Rz ,
Formula 6

Wherein R|=R,=R3=R4=Rs=H, CHj, F, Cl, Br, I, CF3, NO; or OCH3;
Re= alkyl group such as CH; or CH3(CH,), and
n=1to.5.

The designer whole cell biocatalyst can be isolated from fermentation broth by

centrifugation or filtration. The isolated biocatalyst may be used as such or as lyophilized

powder. For biotransformation of carbonyl éompounds to hydroxyl compounds, the biocatalyst
may be suspended in a suitable buffer pH 5.0-9.0, but optimally 6.5 at temperature of 10-45 °C,
but optimally at 30 °C. Optionally, a cosolvent such as diethyl ether, di-n-butyl ether, methyl n-
butyl ether, ethyl acetate, butyl acetate etc. may be added to the reaction mixture. The contents
may be energetically mixed or shaken on an orbital shaker.

In a preferred embodiment, the reaction is done by contacting the carbonyl compound

with whole cell biocatalyst in phosphate buffer pH 6.5 containing di-n-butyl cther at 30 °C.
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In a specific embodiment, the present. invention provides for a production method for

producing industrially important ethyl (S8)-4-chloro-3-hydroxybutyrate in about 100%

enantiomeric excess, the method comprising '
(i) providing ethyl 4-chloro-3-oxobutyrate and

(ii) contacting the ethyl 4-chloro-3-oxobutyrate with Escherichia coli strain BL21(DE3) that

iexpresses CRS  polypeptide on the surface of the cell, nicotinamide adenine

dinucleotide‘ phosphate, reduced (NADPH), glucose dehydrogenase and buffer

solution to form the reaction mixture for converting ethyl 4-chloro-3-oxobutyrate to

ethyl (S5)-4-chloro-3-hydroxybutyrate. Optionally an organic solvent such as ethyl

acetate, butyl acetate, diethylether, methyl n-butyl ether or di-n-butyl ether may be

added to the reaction mixture.

In yet another specific embodiment the present invention provides for a production method
for producing industrially important ethyl(S)-4-chlor0-3-hydroxybutyrate in 100% enantiomeric
excess and high yield via designer Whole cell biocatalyzed reduction of ethyl 4-chloro-3-
oxobutyrate, the method comprising ' B

(i) providing ethyl 4-chloro-3-oxobutyrate and

(ii) contacting the ethyl 4-chloro-3-oxobutyrate with Escherichia coli strain BL21(DE3) that

simultaneously expresses a CRS polypeptide and a GDH polypeptide on surface of
cell, nicotinamide adenine dinucleotide phosphate, reduced (NADPH) and buffer
solution to form the reaction mixture for converting ethyl 4-chloro-3-oxobutyrate to
ethyl (S)-4-chloro-3-hydroxybutyrate. Optionally an organic solvent such as ethyl
acetate, butyl acetate, diethylether, methyl n-butyl ether or di-n-butyl ether may be

added to the reaction mixture.

Ina preférred embodiment, the rate of conversion of ethyl 4-chloro-3-oxobutyrate to ethyl
(S)-4-chloro-3-hydroxybutyrate with nicotinamide adenine dinucleotide phosphate, reduced
(NADPH) as cofactor is 1.3-fold higher when Escherichia coli strain BL21(DE3) that
simultaneously expresses a CRS polypeptide and a GDH polypeptide on surface of cell is
feplaced with Escherichia coli C41(DE3) that simultaneously expresses a CRS polypeptide and a
GDH polypeptide on surface of cell.

In a preferred embodiment, the rate of conversion of ethyl 4-chloro-3-oxobutyrate to ethyl

- (S)-4-chloro-3-hydroxybutyrate with nicotinamide adenine dinucleotide phosphate, reduced

(NADPH) as cofactor is about 1.6-fold higher with Escherichi’a coli strain C41(DE3) that
simultaneously expresses a CRS polypeptide and a GDH polypeptide on surface of cell
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compared to Escherichia coli strain BL21(DE3) that expresses only CRS polypeptide on the

surface of cell, requiring addition of external GDH for cofactor recycling.
In a specific embodiment, the present invention provides for a production method for
producing industrially important ethyl (S)-4-chlor0-3-hydfoxybutyrate in about 100%

enantiomeric excess with high productivity and product accumulation of at least 150 g I'' .

Accordingly, the main embodiment of the present invention provides a designer cell that
expresses a non-naturally occurring carbonyl reductase polypeptide of sequence selected from
SEQ ID NO: 1, 3, 5 or 7 of the Sequence Listing on the surface of cell having 250-fold to 300-
fold higher activity per unit mass of CRS polypeptide compared to the designer cell that
expresses corresponding carbonyl reductase of SEQ ID NO: 13 or 15 or 17 or 19 of the sequence
listing in thoplasm of cell for conversion of ethyl 4-chloro-3-oxobutyrate of formula 1 to ethyl

(S)-4-chloro-3-hydroxybutyrate of formula 2.

o O "OH O

CIMO(\ C'\)\)\O/\

Formula 1 | Formulé 2

Another embodiment of the present invention provides a designer cell as described in the
present invention that expresses a non-naturally occurring carbonyl reductase polypeptide SEQ
ID NO: 1 Qf the.Sequence Listing on the surface of cell having about 275-fold higher activity per
unit mass of CRS polypeptide compared to the designer cell that expresses corresponding
carbonyl reductase of SEQ ID NO: 13 of the sequence listing in cytoplasm of cell for conversion
of ethyl 4-chloro-3-oxobutyrate of formula 1 to ethyl (S)-4-chloro-3-hydroxybutyrate of formula
2.

Another embodiment of the present invention provides a designer cell as described in the
present invention that expresses a non-naturally occurring carbonyl reductase polypeptide of
sequence selected from SEQ ID NO: 1, 3, 5 or 7 of the Sequence Listing on the surface of cell
having 15-fold to 26-fold higher activity per unit cell mass compared to the designer cell that
expresses corresponding carbonyl reductase of SEQ ID NO: 13 or 15 or 17 or 19 of the
Sequence Listingn in cytoplasm of cell for conversion of ethyl fl-chloro-3-0xobutyrate of formﬁla
1 to ethyl (S)-4-chloro-3-hydroxybutyrate of formula 2.

Another embodiment of the present invention provides a designer cell as described in the

present invention that expresses a non-naturally occurring carbonyl reductase polypeptide of
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SEQ ID NO: 1 of the Sequence Listing on the surface of cell having at least 15-fold higher

activity per unit cell mass compared to the designer cell that expresses corresponding carbonyl
reductase of SEQ ID NO: 13 of the sequence listing in cytoplasm of cell for conversion of ethyl
4-chloro-3-oxobutyrate of formula 1 to ethyl (S)-4-chlor0-3—hydroxybutjrate of formula 2.
Another embodiment of the present invention provides a designer cell as described in the
present invention that expresses a non-naturally occurring carbonyl reductase polypeptide of
SEQ ID NO: 1 of the Sequence Listing on the surface of cell having 50-fold to 275-fold higher
activity per unit mass of CRS polypeptide compared to the designer cell that expresses
corresponding carbonyl reductase of SEQ ID NO: 13 of the Sequence Listing in cytoplasm of

cell for reduction of compound of formula 3

Formula 3 |
-wherein R; = CHs, CH,X, (CH})zCH, CF;5 or CH3(CHb),
R;=H, X or CH3(CHa)n;
R; = alkyl group such as CH3 or CH3(CH2.)m;

X=ClorBr;
n=1-4 and

m = 1-§;

Another embodimént of the present invention provides a designer cell as described in the
present invention that expresses a non-naturally occurring carbonyl reductase polypeptide of
SEQ ID NO: 1 of the Sequence Listing on the surface of cell having 50-fold to 180-fold higher
activity per unit mass of CRS polypeptide compared to the designer cell that expresses
corresponding carbonyl reductase of SEQ ID NO: 13 of the Sequence Listing in cytoplasm of

cell for reduction of compound of formula 4

Formula 4
wherein R1=R,=R;=R4=Rs=H, CHj3, F, Cl, Br, I, CF;, NO; or OCH3;
R¢= alkyl group such as CHj3 or CH3(CHy)p;
n=1to 5.
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Another embodiment of the present invention provides a designer cell as described in the

present invention that expresses a non-naturally occurring carbonyl reductase polypeptide of
SEQ ID NO: 1 of the Sequence Listing on the surface of cell having about. 3-fold to 15-fold
higher activity per unit cell mass compared to the designer cell that expresses corresponding
carbonyl reductase of SEQ ID NO: 13 in cytoplasm of cell for reduction of compound of formula

3 or compound of formula 4

Formula 3
wherein R; = CH;, CH,X, (CH3),CH, CF; or CH3(CHy),
Ry =H, X or CH3(CHy)y;
R3 = alkyl group such as CH; or CH3(CHy)p;

X=ClorBr;
n=1-4 and
m=1-§;
Rs R,
R4 Rs
Rz
Formula 4

wherein Rj=R,=R3;=R4=Rs=H, CH3, F, C], Br, I, CF3, NO; or OCHj;
Re= alkyl group such as CHj3 or CH3(CHa)y;
n=1to5.

Another embodiment of the present invention provides a designer cell as described in the
present invention that simultaneously expresses a non-naturally occurring CRS polypeptide of
sequence selected from SEQ ID NO: 1, 3, 5 or 7 and a non-naturally occurring GDH polypeptide
of sequence selected from SEQ ID NO: 9 or 11 of the Sequence Listing on the surface of cell
that has 250-fold to 300-fold higher activity for conversion of ethyl 4-chloro-3-oxobutyrate of
formula 1 to ethyl (S)-4-chloro-3-hydroxybutyrate of formula 2 per unit mass of CRS
polypeptide and 200-fold to' 250-fold enhanced activity for oxidation of glucose to gluconate per
unit mass of GDH polypeptide compared to the designer cell that simultaneously expresses
corresponding CRS of SEQ ID NO: 13 or 15 or 17 or 19 of the Sequence Listing and

corresponding GDH of SEQ ID NO: 21 or 23 of the Sequence Listing in cyt_o'plasm of cell.
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o O : OH O

C'\/U\/U\o/\ C'\/'\/U\O/\

Formula 1 ' Formula 2

Another embodiment of the present invention provides a designer cell as described in the
present iﬁvention that simultaneously expresses a non-naturally occurring CRS polypeptide SEQ
ID NO: 1 and a non-naturélly occurring GDH polypeptide SEQ ID NO: 9 of the Sequence
Listing on the surface of cell that has about 270-fold higher activity for conversion of ethyl 4-
chloro-3-oxobutyrate of formula 1 to ethyl (S)-4-chloro-3-hydroxybutyrate of formula 2 per unit
mass of CRS polypeptide and about 225-fold enhanced activity for oxidation of glucose to

gluconate per unit mass of GDH polypeptide compared to the designer cell that simultaneously

expresses corresponding CRS of SEQ ID NO: 13 of the Sequence Listing and corresponding
GDH of SEQ ID NO: 21 of the Sequence Listing in cytoplasm of cell.

Another embodiment of the present invention provides a designer cell as described in the

present invention that simultaneously expresses a non-naturally occurring CRS polypeptide of

sequence selected from SEQ ID NO: 1, 3, 5 or 7 and a non-naturally occurring GDH polypeptide.
of sequence selected from SEQ ID NO: 9, 11, 13 or 15 of the Sequence Listing on the surface of
cell that has about 11-fold to 24-fold higher activity for conversion of ethyl 4-chloro-3-
oxobutyrate of formula 1 to ethyl (S)-4-chloro-3-hydroxybutyrate of formula 2 per unit cell mass
and 9-fold to 31-fold enhanced activity for oxidation of glucose to gluconate per unit cell mass
compared to the designer cell that simultaneously expresses corresponding CRS of SEQ ID NO:
13 or 15 or 17 or 19 of the Sequence Listing and corresponding GDH of SEQ ID NO: 21 or 23 of
the Sequence Listing in cytoplasm of cell.

Another embodiment of thevpresent invention provides a designer cell as described in the
present invention that simultaneously expresses a non-naturally occurring CRS polypeptide of
SEQ ID NO: 1 and a non-naturally occurring GDH polypeptide of SEQ ID NO: 9 of the
Sequence Listing on the surface of cell that has about 24-fold higher activity for conversion of
ethyl 4-chloro-3-oxobutyrate of formula 1 to ethyl 4-chloro-3-hydroxybutyrate of formula 2 per
unit cell mass and about 31-fold enhanced activity for oxidation of glucose to gluconate per unit
cell mass compared to the designer cell that simultaneously expresses corresponding CRS of
SEQ ID NO: 13 of fhe Sequence Listing and corresponding GDH of SEQ ID NO: 21 of the

1

Sequence Listing in cytdplasm of cell.
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Another embodiment of the present invention provides a designer cell as described in the

present invention that simultaneously expresses a non-naturally occurring CRS polypeptide of
SEQ ID NO: 1 and a non-naturally oééurring GDH polypeptide of SEQ ID NO: 9 of the
Sequence Listing on the surface of cell having about 55-fold to 270-fold higher activity per unit
5 mass of CRS polypeptide compared to the desig.ner cell that simultaneously expresses
corresponding CRS of SEQ ID NO: 13 of the Sequence Listing and corresponding GDH of SEQ

ID NO: 21 of the Sequence Listing in cytoplasm of cell for reduction of compound of formula 3
o o0

Ao

R2
Formula 3
wherein R = CH;, CH,X, (CH3),CH, CF5 or CH3(CHy),
10 ' R, =H, X or CH3(CHy)y;
R3 = alkyl group such as CHj3 or CH3(CHz)m;
X=ClorBr; ‘
n=1-4 and |

m=1-8

15 Another embodiment of the present invention provides a designer cell as described in the
present invention that simultaneously expresses a non-naturally occurring CRS polypeptide of
SEQ ID NO: 1 and a non-naturally occurring GDH polypeptide of SEQ ID NO: 9 of the
Sequence Listing on the surface of cell having about 40-fold to 156-fold higher activity per unit
mass of CRS polypeptide compared to the designer cell that simultaneously expresses
20 corresponding CRS of SEQ ID NO: 13 of thé Sequence Listing and corresponding GDH of SEQ

ID NO: 21 of the Sequence Listing in cytoplasm of cell for reduction of compound of formula 4

- Formula4
wherein R;=R,=R3=R4=Rs=H, CHj, F, Cl, Br, I, CF5, NO, or OCH3;
Re= alkyl group such as CHj3 or CH3(CHj)y;
25 n=1to 5.

Another embodiment of the present invention provides a designer cell as described in the

present invention that simultaneously expresses a non-naturally occurring CRS polypeptide of
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SEQ ID NO: 1 and a non-naturally occurring GDH polypeptide of SEQ ID NO: 9 of the

Sequence Listing on the surface of cell having about 3-fold to 24-fold higher activity per unit cell
mass compared to the designer cell that simultaneously expresses corresponding CRS of SEQ
ID NO: 13 of the Sequence Listing and corresponding GDH of SEQ ID NO: 21 of the Sequence
Listing in cytoplasm of cell for reduction of compound of compound of formula 3 or compound

of formula 4

Formula 3
wherein R; = CHs, CH,X, (CH3)2CH, CF3 or CH3(CHp)y;
R, = H, X or CH;(CHa)y |
R;3 = alkyl group such as CHj3 or CH3(CHa)m;

X =ClorBr;
n=1-4 and
m=1-8
R, O
Rg R,
R Rj
Rz
Formula 4

wherein R|=R,=R;=R4=Rs=H, CHj, F, Cl, Br, I, CF;, NO; or OCH3;
R4= alkyl group such as CH; or CH3(CH3),;
n=1to 5.

Another embodiment of the present invention provides a designer cell as described in the
present invention, wherein designer cell is recombinant Escherichia coli BL21(DE3) or

recombinant Escherichia coli C41(DE3) or recombinant Escherichia coli C43(DE3).

Yet another embodiment of the presént invention provides a recombinant expression vector
comprising polynucleotide encoding the polypeptide having the amino acid sequence of SEQ ID

NO 1 or 3 or'5 or 7 showing carbonyl reductase activity.

Yet another embodiment of the present invention provides a recombinant expression vector
comprising polynucleotides encoding the polypeptide having the amino acid sequence of SEQ ID
NO 1 or 3 or 5 or 7 showing carbonyl reductase activity and the polypeptide having the amino

acid sequence of SEQ ID NO 9 or 11 showing GDH activity.
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Yet another embodiment of the present invéntion provides a use of the designer cell as

described in the present invention for the production of ethyl (S)-4-chloro-3-hydroxybutyrate of

formula 2 in about 100% enantiomeric excess

OH O
Cl O/\
Formula 2
5 Yet another embodiment of the present invention provides a use of the designer cell as

claimed in claim 8 for the production of ethyl (S)-4-chloro-3-hydroxybutyrate of formula 2 in,
about 100% enantiomeric excess

Yet another embodiment of the present invention provides a use of the designer cell as
described in the present invention for the production of compound of formula 5

 OH '
R1/kKW\O/R3
R2
10 Formula 5
wherein R = CH3, CH,X, (CH3),CH, CF; or CH3(CH3)y;

R; =H, X or CH3(CHy)y;
R; = alkyl group such as CH3 or CH3(CHa)y;

X=ClorBr;
15 n=1-4 and
m=1-8

Yet another embodiment of the present invention provides use of the designer cell as as

described in the present invention for the production of compound of formula 5

OH
-R
R4 @] 3

Ry

20 Formula 5

wherein R; = CH3;, CH,X, (CH;3),CH, CF; or CHg(CHz)n;
R, = H, X or CH3(CHy)y |
R; = alkyl group such as CHj; or CH3(CH2)m; -
X =ClorBr; |
25 n=1-4 and
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m=1-8

Yet anotherembodiment of the present invention provides use of the designer cell as

described in the present invention for the production of compound of formula 6

R, OH
R ,
Rz
Formula 6

wherein R|=R,=R;=R4=Rs=H, CHs, F, Cl, Br, I, CF3, NO, or OCHj;
R¢= alkyl group such as CH; or CH3(CH3),; )
n=1toS5.

Yet another embodiment of the present invention provides use of designer cell as

described in the present invention for the production of compound of formula 6

R, OH

R " Rj

R2
Formula 6

wherein R1=R2=R3=R4=R5=H, CH3,' F, Cl, Br, I, CF5, NO; or OCH3;
R¢= alkyl group such as CHj3 or CH3(CHa),;
n=1to 5.

Another embodiment of the present invention provides for designer cells having
Accession N‘o. MTCC No.5806, MTCC No. 5807, MTCC No. 5808 and MTCC No. 5809,
wherein the designer cells comprise of nucleotide sequences having SEQ‘ID Nos. 2, 4, 6 and 8
and wherein the nucleotide sequeces having SEQ ID Nos. 2, 4, 6 and 8 are capable of expressing
amino acid sequences having SEQ ID Nos. 1, 3, S amd 7.

Another embodiment of the present invention provides for for designer cells having
Accession No. MTCC No.5810, MTCC No. 5811, MTCC No. 5812, MTCC No. 5813; MTCC
No. 5814, MTCC No. 5815, MTCC No. 5816 and MTCC No. 5817, wherein MTCC No.5810
comprise of nucleotide sequences having SEQ ID NO. 2 and SEQ ID NO.10; wherein designer
cells having accession no. having MTCC No.5811 comprise of nucleotide sequences having SEQ
ID NO. 2 and SEQ ID NO.12; wherein designer cells having accession no. having MTCC
No.5812 comprise of nucleotide sequences having SEQ ID NO. 4 and SEQ ID NO.10 ; wherein

designer cells having accession no. having MTCC No.5813 comprise of nucleotide sequences
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having SEQ ID NO. 4 and SEQ ID NO.12; wherein designer cells having accession no. having

MTCC No.5814 comprise of nucleotide having SEQ ID NO. 6 and SEQ ID NO.10; wherein

" designer cells having accession no. having MTCC No.5815 comprise of nucleotide sequences

having SEQ ID NO. 6 and SEQ ID NO.12; wherein designer cells having accession no. having
MTCC No.5816 comprise of nucleotide sequences having SEQ ID NO. 8 and SEQ ID NO.10;
wherein designer cells having accession no. having MTCC No.5817 comprise of nucleotide
sequences having SEQ ID NO. 8 and SEQ ID NO.12 and that wherein designer cells having
accession no. having MTCC No.5810 is capable of expréssig amino acid sequences having SEQ
ID NO. 1 and SEQ ID NO. 9; wherein designer cells having accession no. having MTCC
No.5811 is capable of expressing amino acid sequences having SEQ ID NO. 1 and SEQ ID
NO.11; wherein designer cells having accession no. having MTCC No.5812 is capable of
expressing amino acid sequences having SEQ ID NO. 3 and SEQ ID NO. 9; wherein designer
cells having accession no. having MTCC No.5813 is capable of expressing amino acid sequences
having SEQ ID NO. 3 and SEQ ID NO.11; wherein designer cells having accession no. having
MTCC No.5814 is capable of expressing amino acid sequences having SEQ ID NO. 5 and SEQ
ID NO.9; wherein designer cells having accession no. having MTCC No.5815 is capable of
expressing amino acid sequences having SEQ ID NO. 5 and SEQ ID NO.11; wherein designer
cells having accession no. having MTCC No.5816 is capable of expressing amino acid sequences
having SEQ ID NO. 7 and SEQ ID NO.9; wherein designer cells having accession no. having
MTCC No.5817 is capable of expressing amino acid sequenceé having SEQ ID NO. 7 and SEQ
ID NO.11. ’

Another embodiment of the present invention provides a process for production of ethyl

(S)-4-chloro-3-hydroxybutyrate of formula 2 in about 100% enantiomeric excess,

OH O
s Ci O/\ ‘

Formula 2
and the said process comprising the steps of;

a. providing ethyl 4-chloro-3-oxobutyrate of formula 1;

o O
C'vu\/u\o/\

Formula 1
b. contacting the ethyl 4-chloro-3-oxobutyrate with designer cell as described in the

present invention and 0.005 to 0.02 mol % nicotinamide adenine dinucleotide
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phosphate, reduced (NADPH) and 100 to 500 units glucose dehydrogenase and a

buffer solution of pH 5.0 to 9.0;

c. adding to the reaction mixture obtained in step (b) an organic solvent such as
ethyl acetate, butyl acet;_t\e, diethylether, methyl n-butyl ether or di-n-butyl ether
in the ratio ranging between 10:1 to 1:1;

d. energetically mixing the reaction mixture on magnetic stirref at constant
temperature of 20 to 40 °C; |

€. extracting the product obtained in step (d) in ethyl acetate followed by isolating
the product ethyl (S)-4-chlor0-3-hydroxybutyrate.

Another embodiment of the present invention provides for a process as described in the
present invention wherein pH is preferably 6.5.

Another embodiment of the present invention provides for a process- as described in the
present invention wherein temperature is preferably 30 °C.

Another embodiment of the present invention. provides for a process as described in the
present invention wherein brganic solvent is preferably di-n-butyl ether.

Another embodiment of the present invention provides for a process as described in the
present invention wherein designer cell is a strain of recombinant Escherichia coli selected from
recombinant Escherichia coli BL21(DE3), recombinant Escherichia coli C41(DE3) and
recombinant Escherichia coli C43(DE3). »

Another embodiment of the present invention provides for a process as described in the
present invention wherein designer cell is preferably recombinant Escherichia coli C41(DE3).

Another embodiment of the present invention provides for a process for the produétion of

optically enriched aliphatic alcohols of formula 5 as described in the present invention:

OH
R
R1 o

R2

Formula 5

wherein R} = CHs, CH,X, (CH3),CH, CF3 or CH3(CH3)y;
R; =H, X or CH3(CHy),;
R3 = alkyl group such as CHj3 or CH3(CHjz)p;

X =ClorBr;
n=1-4 and
m=1-8

and the said process comprising the steps of;
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a. providing a ketone of formula 3

Formula 3
wherein R = CH3, CH,X, (CH3),CH, CF5 or CH3(CHy)y;
R; =H, X or CH3(CHj),;
R; = alkyl group such as CHjs or CHQ(CHz)m;

X =Cl or Br;
n=1-4 and
m=1-8

b. contacting the ketone of formula 3 as provided in stép (a) with designer cell as
described in the present invention and 0.005 to 0.02 mol % nicotinamide adenine
dinucleotide phosphate, reduced (NADPH) and 100 to 500 units glucose
dehydrogenase and bufter solution of pH 5.0 to 9.0 to form the reaction mixture;

c. adding to the reaction mixture obtained in step (b) an organic solvent such as
ethyl acetate, butyl acetate, diethylether, methyl n-butyl ether or di-n-butyl ether
in the ratio ranging between 10:1 to 1:1;

d. energetically mixing the reaction mixture on magnetic stirrer at constant
temperature of 20 to 40 °C; ‘

e. extracting the product obtained in step (d) in ethyl acetate followed by isolating

the compound of formula 3.

Another embodiment of the present invention provides for a process as described in the
present invention wherein wherein pH is preferably 6.5.

Another embodiment of the present invention provides for a process as described in the
present invention wherein temperature is preferébly 30°C.

Another embodiment of the present invention provides for a process as described in the
present invention wherein wherein organic solvent is preferably di-n-butyl ether.

Another embodiment of the present invention provides for a process as described in the
present invention wherein designer cell is a strain of recombinant Escherichia coli selected from

recombinant Escherichia coli BL21(DE3), recombinant Escherichia coli C41(DE3) and

' recombinant Escherichia coli C43(DE3).

Another embodiment of the present invention pfovides for a process as described in the

present invention wherein designer cell is preferably recombinant Escherichia coli C41(DE3).

31



WO 2014/170917 PCT/IN2014/000247

Another embodiment of the present invention provides for a process for production of

optically enriched aryl alcohols of formula 6 as described in the present invention:

10

15

20

25

Ry OH
Rs : R,
R; Rs
Rz
Formula 6

wherein R;=R,=R3=R4=Rs=H, CHj, F, Cl, Br, I, CF3, NO, or OCHs;
R¢= alkyl group such as CH; or CH3(CHy)y;
n=1to 5.

and the said process comprising the steps of;

a. providing a ketone of formula 4
R, O
R R,
R,
Formula 4
Wherein R=R;=R;=R4=Rs=H, CHj3, F, Cl, Br, I, CF3, NO, or OCH3;
Re= alkyl group such as CH; or CH3(CHy)p;
n=1to5.

b. contacting the ketone of formula 3 as provided in step (a) with designer cell as
described in the present invention and 0.005 to 0.02 mol % nicotinamide adenine
dinucleotide phosphate, reduced (NADPH) and 100 to 500 units glucose
dehydrogenase and buffer solution of pH 5.0 to 9.0 to form the reaction mixture;

c. adding to the reaction mixture obtained in step (b) an organic solvent such as
ethyl acetate, butyl acetate, diethylether, methyl n-butyl ether or di-n-butyl ether
in the ratio ranging between 10:1 to 1:1; |

d. energetically mixing the reaction mixture on magnetic stirrer at constant
temperature of 20 to 40 °C; |

e. extracting the product obtained in step (d) in ethyl acetate followed by isolating

the compound of formula 6.

Another embodiment of the present invention provides for a process as described in the

present invention wherein wherein pH is preferably 6.5.

Another embodiment of the present invention provides. for a process as described in the

present invention wherein wherein temperature is preferably 30 °C.
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Another embodiment of the present invention provides for a process as described in the
present invention wherein wherein organic solvent is preferably di-n-butyl ether.

Another embodiment of the present invention provides for a pfocess as described in the
present invention wherein wherein designer cell is a strain of recombinant Escherichia coli
selected from recombinant Escherichia vcoli BL21(DE3), recombinant Escherichia coli
C41(DE3) and recombinant Escherichia coli C43(DE3).

Another embodiment of the present invention provides for a process as described in the
pfesent invention wherein wherein designer cell is preferably recombinant Escherichia coli
C41(DE3).

Another embodiment of the present invention provides for designer cells having
Accession No. MTCC No.5806, MTCC No. 5807, MTCC No. 5808 and MTCC No. 5809.

Yet another embodiment of the present invention provides for designer cells wherein the’
designer cell having Accession Nos. MTCC 5806-5809 expressig amino acid sequences having
SEQID No. 1, 3, 5 and 7.

Yet another embodiment of the present invention provides for designer cells as described
in the present invention wherein the amino acid sequences having SEQ ID Nos. 1, 3, 5, 7
correspond to nucleotide sequences having SEQ ID No. 2, 4, 6 and 8.

Yet another embodiment of the present invention provides for designer cells, wherein the
SEQ ID Nos. 1-8, are non-naturally occurring sequences of carbony reductase enzyme.

Yet another embodiment of the present invention provides for designer cells capable of
expressing high activity of carbonyl reductase on the cell surface.

Yet another embodiment of the present invention provides for a recombinant vector
construct comprising and capable of expressing SEQ ID Nos. 1-8.

Yet another embodiment of the present inventivon provides for a recombinant vector
construct comprising non-naturally occurring sequences of carbony reductase enzyme.

Yet another embodiment of the present invention provides for a recombinant vector
construct as described in the present invention capable of expressing high activity of carbonyl
reductase on the cell surface.

Yet another embodiment of the present invehtion provides for designer cells having
Accession No. MTCC No.5810, MTCC No. 5811, MTCC No. 5812, MTCC No. 5813; MTCC
No. 5814. MTCC No. 5815, MTCC No. 5816 and MTCC No. 5817.

Yet another embodiment of the present invention provides for designer cells as, wherein
designer cells having accession no. having MTCC No0.5810 expressig amino acid sequences
having SEQ ID NO. 1 and SEQ ID NO.9; wherein designer cells having accession no. having

MTCC No.5811 expressig amino acid sequences having SEQ ID NO. 1 and SEQ ID NO.11;
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wherein designer cells having accession no. having MTCC No.5812 expressig amino acid

sequences having SEQ ID NO. 3 and SEQ ID NO. 9; wherein designer cells having accession
no. having MTCC No.5813 expressig amino acid sequehces having SEQ ID NO. 3 and SEQ ID
NO.11; wherein designer cells having accession no. having MTCC No.5814 expressig amino
acid sequences having SEQ ID NO. 5 and SEQ ID NO.9; wherein designer cells having
accession no. having MTCC No.5815 expressig amino acid sequences having SEQ ID NO. 5 and
SEQ ID NO.11; wherein designer cells having accession no. having MTCC No.5816 expressig
amino acid sequences having SEQ ID NO. 7 and SEQ ID NO.9; wherein designer cells having
accession no. having MTCC No.5817 expressig amino acid sequences having SEQ ID NO. 7 and
SEQ ID NO.11.

Yet another embodiment of the present invention provides for designer cells wherein the
amino acid sequences having SEQ ID Nos. 1, 3, 5, 7, 9 and 11 correspond to nucleotide
sequences having SEQ ID Nos. 2, 4, 6, 8, 10 and 12.

Yet another embodiment of the present invention provides for designer cells, capable of
éo-expressing enzyme carbonyl reductase and gluconase dehydrogenase together on cell surface.

Yet another embodiment of the present invention provides for a recombinant vector
comprising and capable of expressing amino acid sequences having SEQ ID Nos. 1, 3,5,7,9
and 11 and nucleotide sequences having SEQ ID Nos. 2, 4, 6, 8, 10 and 12.

Aother embodiment of the present invention provides for a recombinant vector as
described in the present invention capable of co-expressing eﬁzyme carbonyl reductase and
gluconase dehydrogenase together on cell surface.

Another embodiment of the present invention provides for a method of producing
compound of Formula 5 or Formula 6 or Formula 2 such as herein described in the présent
invention said method comprising (a) providing as ketone having a formula 3 such as herein
described in the present invention; (b) contacting the ketone of formﬁla 3 of step (a) with a
designer cell such as herein described in the present invention comprising SEQ ID Nos. 1-12
alone or in combination such as herein described in the present invention and 0.005 to 0.02 mol
% nicotinamide adenine dinucleotide phosphate, reduced (NADPH) optionally, if required,
adding 100 to 500 units glucose dehydrogenase and buffer solution of pH 5.0 to 9.0 to form the
reaction mixture; (¢) adding to the reaction mixture obtained in step (b) an organic solvent such
as ethyl acetate, butyl acetate, diethylether, methyl n-butyl ether or di-n-butyl ether in the ratio
ranging between 10:1 to 1:1; (d) energetically mixing the reaction mixture on magnetic stirrer at
constant temperature of 20 to 40 °C and extracting the product obtained in step (d) in ethyl

acetate followed by isolating the compound of Formula 5 or Formula 6 or Formula 2
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Advantages of the invention

1. The invention provides a whole cell biocatalyst that has at least 250-fold improved
conversion rate per unit mass of CRS compared to prior art biocatalyst for conversion of
ethyl 4-chloro-3-oxobutyrate to industrially important ethyl (S)-4-chloro-3-
hydroxybutyrate.

2. The invention provides a whole cell biocatalyst that has higher efficiency with respect to
cofactor loading due to presence of both reductase and coenzyme régenerating activities
on the surface of same cell. In such a system the cofactor nicotinamide adenine
dinucleotide phosphate, reduced (NADPH)/nicotinamide adenine dinucleotide phosphate
(NADP) gets channelized between CRS and GDH enzymes which are localized in close

proximity on the surface of cells.

3. Enantiomerically enriched alcohols are produced at significantly higher conversion rate.
More specifically, ethyl (S)-4-chloro-3-hydroxybutyrate is produced at significantly
higher conversion rate in about 100% enantiomeric.excess with product accumulation of
at least 150 g I"', which is useful as chiral building block and an intermediate for the

production of hydroxymethylglutaryl-CoA (HMG-CoA) reductase inhibitors.

Plasmid/s and Transformant/s

Expression plasmid of the present invention includes pET23(a)-omp-CRS having the
DNA sequence represented by SEQ ID NO: 2 or 4 or 6 or 8 of Sequence listing encoding the
polypeptide having the amino acid sequence represented by SEQID NO 1 or 3 or 5 or7 showing

carbony! reductase activity.

Expression plasmid of the present invention includes pETDuetl-omp-CRS; omp-GDH
having the DNA sequences represented by SEQ ID NO 2 or 4 or 6 or 8 encoding the CRS
polypeptide having the amino acid sequence represented by SEQ ID NO 1 or 3 or 5 or 7 showing
carbonyl reductase activity and SEQ ID NO 10 or 12 encoding the-GDH polypeptide having the
amino acid sequence represented by SEQ ID NO 9 or 11 showing GDH activity.

The plasmid containing the DNA of the present invention can be introduced into a
chemically competent host cell by a known method. Escherichia coli DH5a were used as a

cloning host and Escherichia coli BL21(DE3); Escherichia coli C41(DE3) and Escherichia coli

'C43(DE3) as expression host.
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As an example of a transformant according to the present invention, mention may be

made of Escherichia coli BL21(DE3) + pET23(a)-omp-CRS.

More significantly, as an example of a transformant according to the present invention,

mention may be made of Escherichia colii C41(DE3) + pET23(a)-omp-CRS.
Transformant/s having carbonyl reductase activity

Wheﬂ a transformant having carbonyl reductase activity reacted with the carbonyl group
of the substrate including ethyl 4-chloro-3-oxobutyrate and a coenzyme nicotinamide adenine
dinuéleotide phosphate, reduced (NADPH), it asymmetrically reduces the compound having the
carbonyl group including ethyl 4-chloro-3-oxobutyrate to produce an optically pure
corresponding alcohols including ethyl (S)-4-chloro-3-hydroxybutyrate. Transformant/s of the
present invention mentioned above having expression plasmid pET23(a)-omp-CRS and
pETDuetl-omp-CRS; omp-GDH exhibit carbonyl reductase activity. More precisely,
transformant/s of the present invention mentioned abo;/e having expression plasmid pET23(a)-

omp-CRS and pETDuetl-omp-CRS; omp-GDH expressed polypeptide having carbonyl

- reductase activity on the surface of the cell.

Transformant having both carbonyl reductase and coenzyme regeneration activity

Transformant of the present invention mentioned above having both CRS and GDH
expression plasmid together i.e. pETDuetl-omp-CRS; omp-GDH exhibits both carbonyl
reductase and coenzyme regeneration activity. More precisely, transformant/s of the present
invention mentioned. above having expression plasmid pETDuetl-omp-CRS; omp-GDH
expressed polypeptides having both carbonyl reductase and coenzyme regeneration activity on

the surface of the cell.

Strain designation and deposit details

The synthesized recombinant Escherichia coli strains expressing “CRS polypeptide’” and
“GDH polypeptide” have been deposited -with The International Depository Authority,
Microbial Type Culture Collection and Gene Bank (MTCC), Institute of Microbial Technology,
Sector 39A, Chandigarh 160036, India. The strain designation and assigned accession number -
are given below. The strains MTCC 5806, 5807, 5808 and 5809 express “CRS polypeptide’’
SEQ ID No. 1, 3, 5 and 7, respectively. The strains MTCC 5810 to 5817 co-express “CRS
polypeptide’” SEQ ID No. 1,3, 5 and 7 and “GDH polypeptide” SEQ ID No. 9 and 11. In the
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description, the amino acid sequence has been assigned odd number. The nucleotide sequence
coding for a particular amino acid has been assigned immediately next even number. For
example, for amino acid sequence SEQ ID NO: 1, the corresponding coding nucleotide sequence
has been assigned sequence SEQ ID NO: 2. ‘

S. No. | Strain | MTCC No.

1 E. coli BL2I(DE3) + pET 23(a)-omp-CRS (SEQ ID 2) MTCC 5806

2 E. coli BL21(DE3) + pET 23(a)-omp-CRS (SEQ ID 4) MTCC 5807

3 E. coli BL21(DE3) + pET 23(a)-omp-CRS (SEQ ID 6) MTCC 5808

4 E. coli BL21(DE3) + pET 23(a)-omp-CRS (SEQ ID 8) MTCC 5809

5 E. coli BL21(DE3) + pET Duetl-omp-CRS, omp-GDH (SEQ MTCC 5810
ID 2 +10)

6 E. coli BL21(DE3) + pET Duetl-omp-CRS, omp-GDH (SEQ MTCC 5811
ID2+12) ‘ ' ‘

7 E. coli BL21(DE3)v +pET Duetl-omp-CRS, orhp-GDH (SEQ MTCC 5812
ID 4 +10)

8 E. coli BL21(DE3) + pET Duetl-omp-CRS, omp-GDH (SEQ MTCC 5813
ID 4 +12) '

9 E. coli BL21(DE3) + pET Duetl-omp-CRS, omp-GDH (SEQ MTCC 5814
ID 6+ 10)

10 E. coli BL21(DE3) + pET Duetl-omp-CRS, omp-GDH (SEQ MTCC 5815
ID 6+ 12)

11 E. coli BL21(DE3) + pET Duetl-omp-CRS, omp—GDH (SEQ MTCC 5816
ID 8 + 10) ' ,

12 E. coli BL21(DE3) + pET Duet1-omp-CRS, omp-GDH (SEQ MTCC 5817
ID 8+ 12)

Demonstration of the expression of CRS on the surface of Escherichia coli

The recombinant cells expressing CRS were lysed, cell debris was removed by
centrifugation and the supernatant was then subjected to ultra-centrifugation at 1,00,000g for 2 hr
at 4 °C for separation of membrane fraction and soluble fraction. The sediment containing the
membrane fraction was washed with buffer and re-suspended in membrane solublization buffer
(25 mM Tris HCI, 20% Glycerol and 2% Triton X100, pH 7.5). All the three fractions, cell-free

extract, membrane fraction and soluble protein fraction wete assayed for activity using ethyl 4-
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chloro-3-hydroxybutyrate as substrate. Most of the activity was recovered from membrane

. fraction.

The presence of CRS on the surface of Escherichia éoli cells was further confirmed by

EM immunogold labeling studies carried out with ultrathin sections of Escherichia coli. Anti-

- CRS polyclonal antibody was raised against the purified CRS in rabbit and was assayed for their

specificity by Western blotting; The purified CRS was run on SDS-PAGE under the reducing
conditions and after electro-blotting on to nitrocellulose membrane was probed with rabbit anti-
CRS polyclonal antibody which was further probed with alkaline phovsphatase conjugated goat
anti-rabbit IgG (whole molecule) secondary antibody. The blot was then developed by dipping it
in the substrate solution containing 5-bromo-4-chloro;3-ind_olyl phosphate (BCIP, 0.15 mg/ml),
nitro blue tetrazolium (NBT, 0.30 mg/ml), Tris HCI (100 mM) and MgCl, (5 mM), pH 9.5 for 10
minute. The polyclonal antibody that specifically labeled pure CRS was also able to specifically
label omp-CRS.

After several dehydration sfeps, Escherichia coli cells were embedded in LR white resin,
whicﬁ was then dehydrated in several steps using 0.2% glutaraldehyde as fixative. Thin sections
cut using an ultramicrotome were incubated with rabbit anti-CRS polyclonal antibody followed
by nanogold-labeled goat anti-rabbit IgG (whole molecule) secondary antibody and visualized
under the transmission electron microscope. Different fields were observed and the gold particles
were found to be exclusively present von the surface of the cells (Figure 7). No labeling occurred

with cells as the negative control. . !
Use of transformant/s

When a transformant, of the present invention, containing DNA encoding the polypeptide
having the carbonyl reductase activity is used, an optically pure alcohol can be produced.
Furthermore, if the transformant, having the expression plasmid pET23(a)-omp-CRS expressing
the polypeptide having carbonyl reductase activity is used, an optically pure alcohol can be
produced. When a transformant having the expression vector pETDuetl-omp-CRS; omp-GDH
expressing the polypeptides having carbonyl reductase activity and coenzyme regeneration
activity are used, an optically pure alcohol can be produced. In particular, when a transformant
having the expression vector pETDuetl-omp-CRS; omp-GDH expressing polypeptides having
carbonyl reductase activity and coenzyme regeneration activity is used, an optically active

alcohol can be produced more effectively.

The transformant containing both DNA encoding the polypeptide having carbonyl

reductase activity of the present invention and DNA encoding the polypeptide having coenzyme
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regeneration ability can be obtained by introducing both DNA encoding the polypeptide having

carbonyl reductase activity, of the present invention and DNA encoding the polypeptide having

the coenzyme regeneration ability into the single vector.

As an example of a vector into which both DNA encoding the polypeptide having the
carbonyl reductase activity and DNA encoding a polypeptide having the coenzyme regeneration

ability are introduced, mention may be made of pETDuet1-omp-CRS; omp-GDH.

Further, as an example of a transformant containing both DNA encoding the polypeptide
having carbonyl reductase activity and the DNA encoding a polypeptide having a coenzyme
regeneration ability, mention may be made Escherichia coli BL21(DE3) + pETDuetl-omp-CRS;
omp-GDH obtained by transforming Escherichia coli BL21(DE3) with the vector.

Furthermore, as an example of a transformant containing both DNA encoding the
polypeptide having carbonyl reductase activity and the DNA encoding a polypeptide having a
coenzyme regeneration ability, mention may be made Escherichia coli C41(DE3) + pETDuetl-

omp-CRS; omp-GDH obtained by transforming Escherichia coli C43(DE3) with the vector.

Culturing é transformant cohtaining' DNA encoding the polypeptide having carbonyl
reductase activity and a transformant containing both DNA encoding the polypeptide having
carbonyl reductase activity and the DNA encoding a polypeptide having a coenzyme
regeneration ability can be performed in a liquid nutrition medium generally used and containing.
a carbon source, nitrogen source, inorganic salts and organic nutrients, etc., as long as they are

proliferated.
Assay methods for enzyme activity

The activity of the transformant expressing polypeptide having a carbonyl reductase can
be measured by a conventional method. For example, the activity of the carbonyl reductase can
be obtained in which 1 ml of reaction mixture in 50 mM phosphate buffer, pH 6.5 contains 2 mM
ECAA, 0.2 mM nicotinémide adenine dinucleotide phosphate, reduced (NADPH) and 5-20 pl of
the whole cell biocatalyst or 5-10 p g of purified protein or 10° — 107 whole cell biocatalyst.and
the reaction were monitored spectrophotometrically for 15 to 60 min at 340 nm (molar
absorption coefficient of 6.22 mM'em™) for the oxidation of nicotinamide adenine dinucleotide

phosphate, reduced (NADPH).

The activity of the transformant éxpressing polypeptide having a coenzyme regeneration
activity can be measured by a conventional method. For example, the activity of the glucose
dehydrogenase can be obtained in which 1 ml of reaction mixture in 100 mM tris-HCI buffer, pH

8.0 contains 10 mM glucose , 0.5 mM nicotinamide adenine dinucleotide phosphate (NADP)
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and 5-20 pl of the whole cell biocatalyst or 5-10 p g of purified protein or 10° — 107 whole cell

biocatalyst and the reaction were monitored spectrophotometrically for 15 to 60 min at 340 nm
(molar absorption coefficient of 6.22 mM™’cm™) for the reduction of nicotinamide adenine

dinucleotide phosphate (NADP).
Production of optically active alcohols

Production of an optically active alcohols using either transformant ha\jing the carbonyl
reductase activity and commercially available glucose dehydrogenase or transformant having
both the carbonyl reductase activity and coenzyme regeneration activity can be performed by
adding a compound containing carbonyl group serving as a substrate including ethyl 4-chloro-3-
oxobutyrate, a coenzyme nicotinamide adenine dinucleotide phosphate (NADP) and glucose to

an appropriate solvent, and stirring the mixture while adjusting the pH.

The reaction may be performed in an aqueous solvent or in a mixture of aqueous solvent
and organic solvent. Examples of the organic solvent include n-butyl acetate, ethyl acetate,
diethyl ether, methyl n-butyl ether, di-n-butyl ether etc. Preferably, the reaction may be
performed at 30 °C and the pH of the reaction solution is maintained at 6.5 with 5N NaOH.

Substrates and Products

Examples of the aliphatic compound having a carbonyl group serving as a substrate, includes
ethyl 4-chloro-3-oxobutyrate represented by formula 1, ethyl-3-oxobutanoate represented by
formula 7, ethyl 4-methyl-3-oxopentanoate represented by formula 8v, octyl 4-chloro-3-
oxobutanoate represented by formula 9, ethyl 4,4,4-trifluoro-3-oxobutanoate represented by

formula 10 and ethyl 2-chloro-3-oxobutyrate represented by formula 11,

o 9

o 0 0 O
c1\/[UJ\O/\ )J\)J\O/\ No/\
Formula1 Formula 7 Formula 8
o o o o 0o 0
Cl\/U\/U\O/\/\/\/\ F>‘/U\/U\o/\ Mo/\
‘ F o]
Formula 9 F Formula 10 Formuta 11

Examples of the aromatic compound having a carbonyl group serving as a substrate, includes

acetophenone represented by formula 12, 1-(4-fluorophenyl)ethanone represented by formula 13,

1-(4-chlorophenyl)ethanone represented by formula 14, 1-(4-bromophenyl)ethanone represented

by formula 15, 1-(4-(trifluoromethyl)phenyl)ethanone represented by formula 16, 1-p-
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tolylethanone represented by formula 17, 1-(4-methoxyphenyl)ethanone represented by formula

18 and indoline-2,3-dione represented by formula 19 below:

oo o ot

Formula 12 Formula 13

Formula 14 Formula 15
FSC/©/u\ H3C H3CO 02N
Formula 18 Formula 19
Formula 16 Formula 17 :

In the aforementioned reaction conditions, when ethyl 4-chloro-3-oxobutyrate
5  represented by formula 1 above is used as a substrate, ethyl (S)-4-chloro-3-hydroxybutyrate

represented by formula 2 below can be obtained.

When ethyl-3-oxobutanoate represented by formula 7 above is used as a substrate, ethyl

(R)-3-hydroxybutanoate represented by formula 20 below can be obtained

When ethyl 4-methyl-3-oxopentanoate represented by formula 8 above is used as a
10 substrate, ethyl (S)-3-hydroxy-4-methylpentanoate represented by formula” 21 below can be

obtained.

When octyl 4-chloro-3-oxobutanoate represented by formula 9 above is used as a
substrate, octyl (S)-4-chloro-3-hydroxybutanoate represented by formula 22 below can be

obtained.

15 When ethyl 4,4.4-trifluoro-3-oxobutanoate represented by formula 10 above is used as a
substrate, octyl (S)-4-chloro-3-hydroxybutanoate represented by formula 23 below can be

obtained.

When ethyl 2-chloro-3-oxobutanoate represented by formula 11 above is used as a
substrate, (2R,3R)-ethyl 2-chloro-3-hydroxybutanoate represented by formula 24 below can be
20  obtained. | '
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OH 0 OH O Yédu\o !

Cl\)\/u\o/\ MO/\ \('\/U\O/\
Formula 2 Formula 20 Formula 21
OH O OH O /(')i/[oj\ _
. C'\)\/U\o/\/\/\/\ ENO/\ o7
Formula 22 F ¢
Formula 23 * Formula 24

When acetophenone represented by formula 12 above is used as a substrate, (R)-1-

phenylethanol represented by formula 25 below can be obtained.

When 1-(4-fluorophenyl)ethanone represented by formulal3 above is used as a substrate,

(R)-1-(4-fluorophenyl)ethanol represented by formula 26 below can be obtained.

When 1-(4-chlorophenyl)ethanone represented by formula 14 above is used as a

substrate, (R)-l-(4-chlorophenyl)ethanol represented by formula 27 below can be obtained.

When 1-(4-bromophenyl)ethanone represented by formula 15 above is used as a

substrate, (R)-1-(4-bromophenyl)ethanol represented by formula 28 below can be obtained.

Wheﬁ 1-(4-(trifluoromethyl)phenyl)ethanone represented .by formula 16 above is used as
a substrate, (R)-1-(4-(trifluoromethyl)phenyl)ethanol represented by formula 29 below can be

obtained.

When 1-p-tolylethanone represented by formula 17 above is used as a substrate, (R)~1-p-

tolylethanol represented by formula 30 below can be obtained.

When 1-(4-methoxyphenyl)ethanone represented by formula 18 above is used as a

substrate, (R)-1-(4-methoxyphenyl)ethanol represented by formula 31 below can be obtained.

When 1-(4-nitrophenyl)ethanone represented by formula 19 above is used as a substrate,

(R)-1-(4-nitrophenyl)ethanol represented by formula 32 below can be obtained.

oH oM OH OH
For i 25 F C|/©/\ Br/©/\’
ula
' . Formula 26 ' Formula 27 Formula 28
OH OH
oH o : f
/@/\ ©/\ H CO/@/\ OZN/©/\
F\C H,C 3v
Formula 29 Formula 30 Formula 31 Formula 32
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Purification and analysis

An optically pure alcohol produced by the reaction can be purified by a conventional
method, for example, by extracting a reaction mixture containing an optically pure alcohol
produced by the reaction with an organic solvent ethyl acetate, removing the organic solvent by
distillation under reduced pressure, and subjecting the resultant mixture to distillation,

recrystallization or chromatographic process.

The optical purity of the product was measured by high performance liquid

chromatography by using Chiracel OB-H, Chiracel OD-H, Chiracel OJ product of Daicel

Chemical Industries or by determining the optical rotation by polarimeter.

The structure of all compounds was confirmed by NMR. NMR was run using CDCl;,
CD;0D or CD3SOCDs as solvent. Chemical shifts are reported as downfield from TMS used as

internal standard. Values of coupling constants J are reported in Hz.
Analytical data

The alcohols obtained from bioctalyzed reduction of ketones were purified by flash

chromatography over silica gel.

Compound of Formula 2: 'H NMR (300 MHz, CDCl3): 1.28 (3H, t, J = 7.2 Hz); 2.63 (3H, m);
3.61 (2H, dd, J= 7.2, 5.4 Hz); 4.18 (2H, q, J = 7.2 Hz); 4.23 (1H, m). HPLC: Chiracel OB-H,
A217, hexane:isopropanol 96:4, 1 ml/min. Retention times 13.2 min (R) and 14.3 min(S). [(X]DZS =-

22.1 (c = 8.72, CHCly).

Compound of Formula 20: '"H NMR (300 MHz, CDCls): 1.21 (3H, d, J = 6.5 Hz); 1.26 (3H, t,
J = 68 Hz); 2.46 (2H, m); 3.00 (1H, bs); 4.16 (3H, m). HPLC: Chiracel OB-H, A7,
hexane:isopropanol 96:4, 1 ml/min. Retention times 9.4 min (S) and 10.5 min (R). [o]p” = -44.2
(¢ =2.03, CHCL).

Compound of Formula 21: 'H NMR (300 MHz, CDCl;): 0.90 and 0.93 (each 3H, each t, J =
6.8 Hz); 1.26 3H, t, /= 7.2 Hz); 1.69 (1H, m); 2.38 (1H, dd, /= 9.6, 16.5 Hz); 2.52 (1H, dd, J =
2.8, 16.5 Hz); 2.94 (1H, bs); 3.75 (1H, m,); 4.14 2H, q, J = 7.2 Hz). HPLC: Chiracel OD-H,
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A217, hexane:isopropanol 95:5, 1 ml/min. Retention times 5.3 min (S) and 7.7 min (R). [a]p” = -

40.8 (c =2.56, CHCly),

Compound of Formula 22; "H NMR (300 MHz, CDCl;): 0.86 (3H, t, J= 6.9 Hz, H, CHj); 1.27
(10H, m, 5 x CHy); 1.61 (2H, m); 2.62 (2H, m); 3.60 (2H, m); 4.11 (2H, t, J = 6.8 Hz); 4.14 (1H,
m, H3). HPLC: Chiracel OB-H, X,7, "hexane:isopropanol 96:4, 1 ml/min. Retention times 5.7
min (R) and 7.6 min (S). [o)p>’ = -15.9 (¢ = 4.60, CHCl;).

Compound of Formula 23: 'H NMR (300 MHz, CDCL): 1.29 (3H, t, J = 7.2 Hz); 2.70 (2H,
m); 4.21 (2H, q, J = 7.2 Hz); 4.43 (1H, m). [o]p> = -20.3 (c = 1.87, CHCl;).

Compound of Formula 24: '"H NMR (300 MHz, CDCl3): 1.34 (m, 6H); 4.25 (m, 4H). de =
>96% by GC: Factorfour ™ (Varian, 30m x 0.25mm, 140 °C, N, 1 kg min™), retention time 9.98
(syn), 8.85 (anti); >99% anti. Ee. >98% GC betaDex™ (Supelco, 30m x 0.25mm, 140 °C, N, 1
kg min™), tentatively assigned (2R, 3R) configuration based on comparison of optical rotation
with literature. [a]p” = -3.8 (¢ = 1.13, CHCl,).

Compound of Formula 25: "H NMR (300 MHz, CDCl3): 1.49 (3H, d, J = 6.5 Hz); 2.10 (1H,
bs); 4.87 (1H, q, J = 6.5 Hz); 7.35 (5H, m). HPLC: Chiracel OB-H, A7, hexane:isopropanol

- 96:4, 1 ml/min. Retention times 6.2 min (R) and 9.2 min (S). [o]p> = +54.8 (¢ = 2.74, CHCl,).

Compound of Formula 26: '"H NMR (300 MHz, CDCl;): 1.49 (3H, d, J = 6.5 Hz); 2.03 (1H,
bs); 4.89 (1H, q, J = 6.5 Hz); 7.01 and 7.03 (each 2H, each d, J = 8.6 Hz). HPLC: Chiracel OB-
H, X217, hexane:isopropanol 96:4, 1 ml/min. Retention times 7.8 min(S) and 8.8 min(R).[oz]D25 =

+48.8 (¢ = 1.4, CHCl3).

Compound of Formula 27: '"H NMR (300 MHz, CDCls): 1.47 3H, d, J = 6.5 Hz); 2.1 (1H, bs,
OH); 4.87 (1H, q, J = 6.5 Hz); 7.31 (4H, s). HPLC: Chiracel OB-H, A7, héxane:isopropanol
96:4, 1 ml/min. Retention times 8.9 min (S) and 10.5 min (R). [a]p® = +49.2 (c = 1.83, ether).

| Compound of Formula 28: 'H NMR (300 MHz, CDCl3): 1.47 (3H, d, J = 6.5 Hz); 2.08 (1H,

bs); 4.87 (IH, q,J=6.5 Hz); 7.25 and 7.47 (each 2H, each d, J = 8.7 Hz). HPLC:Chifacel OB-H,
217, hexane:isopropanol 96:4, 1 ml/min. Retention times 9.4 min (S) and 11.4 min (R). [a]p> =

+38.3 (¢ = 1.55, CHCL).
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Compound of Formula 29: '"H NMR (300 MHz, CDCly): 1.5 (3H, d, J = 6.51 Hz); 2.33 (1H,
bs); 4.98 (1H, g, J = 6.5 Hz); 7.48 and 7.60 (each 2H, each d, J = 8.2 Hz).[a]p>> = +27.2 (¢ 2.08,
MeOH).

Compound of Formula 30: "H NMR (300 MHz, CDCl;): 1.48 (3H, d, J = 6.5 Hz); 2.01 (1H,
bs); 2.38 (1H, s); 4.87 (1H, q, J = 6.5 Hz); 7.15 and 7.26 (each 2H, each d, J = 7.9 Hz).
HPLC:Chiracel OB-H, A»;7, hexane:isopropanol 95:5, 1 ml/min. Retention times 10.1 min (S)
and 12.9 min (R). [a]p> = +52.1 (c = 1.98, CHCL).

Compound of Formula 31: "H NMR(300 MHz, CDCl): 1.46 (3H, d, J = 6.5 Hz); 2.08 (1H,
bs); 3.80 (3H, s); 4.84 (1H, q, J=6.5 Hz); 6.86 and 7.28 (each 2H, each d, J = 8.2). [a]p*=
+51.4 (¢ 1.72, CHCl3).

- Compound of Formula 32: 'H NMR (300 MHz, CDCl3): 1.52 (3H, t, J = 6.5 Hz, CHj); 2.50

(1H, bs, OH); 5.02 (1H, q, J = 6.5 Hz, CH); 7.54 and 8.12 (each 2H, each d, J = 8.9 Hzg,
aryl).[a]p?’ = +31.4 (c = 3.99, CHCL). -

The following description is of exemplary embodiments only and is not intended to limit the
scope, applicability or configuration to the invention in any way, Rather, the following
description provides a convenient illustration for implementing exemplary embodiments of the
invention various changes to the described‘ embodiments may be made in the functiens and

arrangement of the elements described without departing from the scope of the invention.

EXAMPLES

The specific manipulation methods regarding recombinant DNA techniques used in the
following examples are described in the following publication (Sambrook, J. et al. Molecular

Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory Press.1989; Vol. 2.).

Example 1

Construction of expression plasmid pET23(a)-omp-CRS expressing carbonyl reductase on

the surface of Escherichia coli
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The artificial custom synthesized plasmid pUC 19-om713:’C,}i§f1a’vihg DNA aééo}ding to
present invention has nucleotide sequence of SEQ ID NO:2 of the Sequence Listing codes for the
polypeptide has an amino acid sequence of SEQ ID NO:1 of the Sequence Listing were double
digested by Ndel and EcoR1 and product was separated by agarose gel electrophoresis, 1.3 Kb
DNA fragment has nucleotide sequence of SEQ ID NO:2 of the Sequence Listing, was excised .
from the gel and purified using Qiaquick kit (Qiagen). Plasmid pET 23(a) was separately
digested with Ndel & EcoR1, followed by the dephosphorylation with calf intestinal alkaline
phosphatase to avoid self-ligation. Ndel & EcoR1 (NEB Ltd, UK) digested 1.3 Kb DNA
fragmént has riucleotide sequence of SEQ ID NO:2 of the Sequence Listing and pET 23(a) were
ligated with T4 DNA Ligase (NEB Ltd, UK) and transformed in Escherichia coli DHSa. The
resultant clones were grown in LB broth containing ampicillin (100 mg/ml) and plasmid was
isolated, which was then double digested by Ndel and EcoR1. Plasmid giving the 3.6 Kb pET
23(a) backb:)he and 1.3 Kb DNA insert after double digestion, suggesting nucleotide sequence of
SEQ ID NO:2 of the Sequence Listing was cloned downstream of the /ac promoter of pET 23(a)
giving 4.9 Kb plasmid pET 23(a)-omp-CRS.

A restriction map of plasmid pET 23(a)-omp-CRS is illustrated in Figure 5.

Escherichia coli BL21(DE3), Escherichia coli C41(DE3) or Escherichia coli C43(DE3) was
transformed with plasmid pET 23(a)-omp-CRS which expresses carbonyl reductase on the

surface of the transformants.

Example 2

Construction of expression vector pET23(a)-CRS expressing carbonyl reductase in the

cytoplasm of transformants

It was constructed by using the knowledgf_: disclosed in US Patent 2010/0028972. CRSF
(SEQ ID NO:26) and CRSR (SEQ ID NO:28) primers for cloning were synthesized based on the

- nucleotide sequence of carbonyl reductase gene represented by SEQ ID NO:14 of the Sequence

Listing, which code a polypeptide has an amino acid sequence of SEQ ID NO:13 of the
Sequence Listing. The custom synthesized pUC 19-omp-CRS. plasmid was subjected to
polymerase chain reaction (PCR) for 30 cycles of a reaction. The PCR conditions were, initial
denaturing at 95 °C for 5 min followed by 30 cycles of 95 °C for 60 s, 58 °C for 60 s and 72 °C
for 60 s as well as a final extension step of 72 °C for 5 min. The purified PCR product was
digested with Ndel & Xhol, and was run on the 1% agarose gel. The 0.87 Kb Ndel and Xhol

digested fragment was excised from the gel and purified using Qiaquick kit (Qiagen). Plasmid
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pET 23(a) was separately digestéd with Ndel & Xhol, followed by the dephosphorylation with

calf intestinal alkaline phosphatase to avoid ‘self-ligat'ion. Ndel and Xhol digested 0.87 Kb has
nucleotide sequence of SEQ ID NO:14 o”f the Sequence Listing and pET 23(a) were ligated with
T4 DNA Ligase and transformed in Escherichia coli DH5a. The resultant clonés were grown in
LB broth containing ampicillin and plasmid were isolated, which were then double digested with
Ndel and Xhol. Plasmid gave 3.6 Kb pET 23(a) backbone and 0.87 Kb insert after double
digestion, suggesting 0.87 Kb gene was cloned downstream of the lac promoter of pET 23(a)
giving 4.4 Kb plasmid pET 23(a)-CRS.

Escherichia coli BL21(DE3) was transformed with plasmid pET 23(a)-CRS which

express carbonyl reductase in the cytoplasm.

Example 3

~Construction of expression vector pETDuetl-omp-CRS; omp-GDH co expressing carbonyl

reductase and glucose dehydrogenase on the surface of transformants

Construction of expression vector pETDuet1-omp-CRS;omp-GDH, which co expressing
the two polypeptides, one having the carbonyl reductaée activity has an amino acid sequence of
SEQ ID NO: 1 of the Sequence Listing and the other polypeptide has an amino acid sequence of
SEQ ID NO: 3 of the Sequence Listing having coenzyme regeneration activity on the surface of
the transformant/s. To achieve this goal, inventors have chosen plasmid pETDuet! that contains
two multiple cloning sites, each of which is preceded by a T7 promoter/lac operator and a
ribosome binding site (rbs). omp-CRS and omp-GDH gene were cloned in pETDuetl plasmid,

which is a two-step procedure.

In first step, DNA according to present invention has nucleotide sequence of SEQ ID
NO:2 of the Séquence Listing codes for the polypeptide has an amino acid sequence of SEQ ID
NO:1 of the Sequence Listing was amplified from the plasmid pUC19-omp-CRS that was used as
a template for polymerase chain reaction (PCR) with the primers oclF (SEQ ID NO:30) and
oclR (SEQ ID NO:32). The PCR conditions weré, initial denaturing at 95 °C for 5 min followed
by 30 cycles of 95 °C for 60 s, 55 °C for 60 s and 72 °C for 90 s as well as a final extension step
of 72 °C for 5 min. The purified PCR product was digested by Ncol and Hind3 and was run on
the 1% agarose gel. The 1.3 Kb Ncol and Hind3 fragment was excised from the gel and purified
using Qiaquick kit (Qiagen). Plasmid pETDuet was separately digested with Ncol and Hind3,
followed by the dephosphorylation with calf intestinal alkaline phosphatase to avoid self-
ligation. Ncol and Hind3 digested omp-CRS and pETDuet] were ligated with T4 DNA Ligase
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-and transformed in Escherichia coli VDHSQ. The resultant clones were grown in LB broth

containing ampicillin (100 pg/ml) from which plasmid was isolated and then double digested
with Ncol and Hind3. Plasmid gave ~5.4 Kb pETDuet] backbone and 1.3 Kb SEQ ID NO:2
insert after double digestion, suggesting SEQ ID NO:2 was cloned downstream of the lac
promoter of pETDuet] in the 1% multiple cloning site giving 6.7 Kb plasmid pETDuetl-omp-
CRS.

In second step, DNA according to present invention has nucleotide sequence of SEQ ID
NO:4 of the Séquence Listing codes for the polypeptide has an amino acid sequence of SEQ ID
NO:3 of the Sequence Listing was amplified from the artificial custom made plasmid pUC]9-
omp-GDH that was used as a template in polymerase chain reaction (PCR) with the primers ogF
(SEQ ID NO:34) and ogR (SEQ ID NO:36). The PCR conditions were, initial denaturing at 95°C
for 5 min followed by 30 cycles of 95 °C for 60 s, 52 °C for 60 s and 72 °C for 90 s as well as a
final extension step of 72 °C for 5 min. The purified PCR product was digested by Ndel and
Xho! and was run on the agarose gel. The 1.2 Kb Nde! and Xhol digested fragment was excised
from the gel and purified using Qiaquick kit (Qiagen). 6.7 Kb plasmid pETDuetl-omp-CRS
constructed as described above was separately digésted With Ndel and Xhol, followed by the
dephosphorylation with calf intestinal alkaline phosphatase to avoid self-ligation. Ndel and
Xhol digested SEQ ID NO:4 and pETDuetl-omp-CRS were ligated with T4 DNA Ligase and
transformed in Escherichia coli DHS3a. The resultant clones were grown in LB broth containing
ampicillin and from which plasmid was isolated, which was then double digested by Ndel and
Xhol. Plasmid gave the ~6.7 Kb pETDuet]l-omp-CRS backbone and 1.2 Kb omp-GDH insert
after double digestion, suggesting omp-GDH gene was cloned downstream of the /ac promoter of
pETDuetI-omp-CRS in the 2™ multiple cloning site in 7.8 Kb plasmid pETDuetl-omp-CRS, omp-
GDH.

A restriction map of plasmid pETDuetl-omp-CRS,omp-GDH is illustrated in Figure 6.

- Escherichia coli BL21(DE3), Escherichia coli C41(DE3) and Escherichz'a‘ coli C43(DE3)‘were

transformed with plasmid pETDuetl-omp-CRS,omp-GDH which co express carbonyl reductase

and glucose dehydrogenase on the surface of transformant/s.

Example 4

Preparation of Transformant

Using the recombinant plasmid pET23(a)-omp-CRS constructed in Example 1, the Escherichia
coli BL21(DE3), Escherichia coli CA1(DE3) and Escherichia coli C43(DE3) competent cells
were transformed to obtain Escherichia coli BL21 (DE3) + pET23(a)-omp-CRS, Escherichia
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coli C41 (DE3) + pET23(a)-omp-CRS and Escherichia coli C43(DE3) + pET23(a)-omp-CRS

expressing carbonyl reductase on the surface.

Similarly, using the recombinant plasmid pETDuetl-omp-CRS; omp-GDH constructed in
example 3, the Escherichia coli BL21(DE3), Escherichia coli C41(DE3), Escherichia coli
C43(DE3) and Escherichia coli competent cells were transformed to obtain Escherichia coli
BL21 (DE3) + pETDuetl-omp-CRS; omp-GDH, Escherichia coli C41 (DE3) + pETDuet1-omp-
CRS; omp-GDH and Escherichia coli C43(DE3) + pETDuetl-omp-CRS; omp-GDH expressing
both carbonyl reductase and glucose dehydrogenase on the surface. ‘
Using the recombinant plasmid pET23(a)-CRS constructed in example 2, the Escherichia coli
BL21(DE3) competent cells was transformed to obtain Escherichia coli BL21 (DE3) +
pET23(a)-CRS expressing carbonyl reductase in cytoplasm of the cell.

Using the recombinant plasmid pET23(a)-crs constructed in example 2 and pET 29(a)-GDH
constructed as given below, the Escherichia coli BL21(DE3) competent cells were co-
transformed to obtain Escherichia coli BL21 (DE3) + pET23(a)-CRS, pET 29(a)-GDH
expressing carbonyl reductase and glucose dehydrogenase in cytoplasm of the cell. Escherichia
coli BL21 (DE3) + pET23(a)-CRS, pET 29(a)-gdh was constructed by using the art disclosed in
Kizaki, N. et al. Applied Microbiology and Biotechnology 2001, 55, 590-595.

Construction of recombinant plasmid pET29(a)-GDH: gdhF (SEQ ID NO 38) and gdhR
(SEQ ID NO 40) primers for cloning were synthesized based on the nucleotide sequence of
glucose dehydrogenase gene represented by SEQ ID NO 26 of the Sequence Listing, which code
a polypeptide has an amino acid sequence of SEQ ID NO 25 of the Sequence Listing. The
custom synthesized pUC 19-omp-gdh plasmid was subjected to polymerase chain reaction (PCR)
for 30 cycles of a reaction. The PCR conditions were, initial denaturing at 95 °C for 5 min
followed by 30 cycles of 95 °C for 60 s, 52 °C for 60 s and 72 °C for 60 s as well as a final
extension step of 72 °C for 5 min. The purified PCR product was digested with Ndel & Xhol,
and was run on the 1% agarose gel. The 0.81 Kb Ndel and Xhol digestéd fragment was excised
from the gel and purified using Qiaquick kit (Qiagen). Plasmid pET 29(a) was separately
digested with Ndel & Xhol, followed by the dephosphorylation with calf intestinal alkaline
phosphatase to avoid self—ligaﬁon. Ndel and Xhol digested 0.81 Kb has nucleotide sequence of
SEQ ID NO 26 of the Sequence Listing and pET 29(a) were ligated with T4 DNA Ligase and
transformed in Escherichia coli DHSa. The resultant clones were grown in LB broth containing
kanamycin and plasmid were isolated, which were then double digested with Ndel and Xhol.

Plasmid gave 5.4 Kb pET 29(a) backbone and 0.81 Kb insert after double digestion, suggesting

49



10

15

20

25

WO 2014/170917 ~ PCT/IN2014/000247
0.81 Kb gene was cloned downstream of the lac promoter ‘of pZ?T 29(a) giving 6.0 Kb plasmid

DET 29(a)-GDH.

Example 5

Expression of gene in Transformant

Fresh culture of recombinant Escherichia coli harboring plasmid was grown in 10 ml Luria
Bertani HiVeg Broth media (1% HiVeg hydrolase, 0.5% Yeast Extract, 1% Sodium Chloride,
pH-7.5) containing antibiotic (ampicillin, kanamycin, chloramphenicol etc. alone or in
combination) at 37 °C, after 6 hr of growth 1 ml of the culture was inoculated in 100 ml fresh LB
media containing antibiotic (ampicillin, kanamycin, chloramphenicol etc. alone or in
combination) and grown at 37 °C under 200 rpm shaking condition. When the OD at 600 nm was
reached to 0.5-0.6, the culture was induced with final concentration of 0.2 mM IPTG and it was

further grown for 16 hr at 20 °C under 200 rpm shaking condition.

Example 6

Demonstration of the expression of carbonyl reductase on the surface of transformant

Escherichia coli BL21(DE3) + pET 23(a)-omp-CRS (CRS, Sequence ID No 1)

The transformant Escherichia coli BL21(DE3) + pET23(a)-omp-CRS was grown as
described in example 5 above; in 100 m! culture media. The cells were isolated by centrifugétion
and washed with 50 mM phosphate buffer (pH 7.0). The cells were then suspended in 5 ml lysis
buffer (50 mM NaH,POy, 150 mM NaCl, 1mg ml" Lysozyme, pH 8.0) for 30 min at 4 °C. The
cell suspension was then sonicated 30 sec pulse on and 30 sec pulse off at 4 °C for 20 min. The
cell debris was removed by centrifugation at 14,000 rpm for 30 min. The supernatant (cell-free
extract) was then subjected to ultra-centrifugation at 1',O0,000g for 2 hr at 4 °C for separation of
membrane fraction and soluble fraction. The sediment containing the membrane fraction was
washed with the same buffer and re-suspended in membrane solublization buffer (25 mM Tris
HCl, 20% Glycerol and 2% Triton X100, pH 7.5). All the three fractions, cell-free extract,
membrane fraction and soluble protein fraction were assayed for their activity to reduce ethyl 4-
chloro-3-oxobutyrate to ethyl 4-chloro-3-hydroxybutyrate, like, the standard feaction mixture (1
ml) in 50 mM phosphate buffer pH 7.0, containing 0.2 mM nicotinamide adenine dinucleotide
phosphate, reduced (NADPH), 2.0 mM ECOB and 1-50 pl of the sample was incubated at 30°C
and the total activity determined. The results have been summarized in Table 1. As expected,
most of the activity was recovered from membrane fraction. Significantly, membrane fractions of

the Escherichia coli BL21 (DE3) + pET23(a) (negative control) was devoid of any activity.

50



10

15

20

25

WO 2014/170917 PCT/IN2014/000247

Table 1: Carbonyl reductase (CRS) activity of various fractions obtained from Escherichia coli
BL21(DE3) + pET23(a) and Escherichia coli BL21 + pET 23(a)-omp-CRS (CRS
Sequence ID No 1).

Entry F ractions’ of | Escherichia coli | Escherichia coli

Escherichia coli BL21(DE3) + pET | BL21(DE3) + pET 23(a)-
23(a), Total activity | omp-CRS, Total activity
(nmol/min) (nmol/min) ’
1 Cell-free extract 376 1673
2 Soluble fraction 76 350
3 Membrane fraction 0.0 1192

The presence of CRS on the surface of Escherichia coli BL21(DE3) + pET 23(a)-omp-
CRS was further confirmed by EM immunogold labeling studies carried out with ultrathin
sections ef Escherichia coli BL21(DE3) + pET 23(a)-omp-crl cells. Anti-CRS polyclonal
antibody was raised against the purified CRS in rabbit and was assayed for their specificity by
Western blotting. The purified CRS was run on SDS-PAGE under the reducing condition and

after electro-blotting on to nitrocellulose membrane was probed with rabbit anti-CRS polyclonal

- antibody which was further probed with alkaline phosphatase conjugated goat anti-rabbit IgG

(whole molecule) secondary antibody. The blot was then developed by dipping it in the substrate
solution containing 5-bromo-4-chloro-3-indolyl phosphate (BCIP, 0.15 mg/ml), nitro blue
tetrazolium (NBT, 0.30 mg/ml), Tris HC1 (100 mM) and MgCl, (5 mM), pH 9.5 for 10 minute.
The polyclonal anfibody that specifically labeled pure CRS was also able to specifically label
omp-CRS.

After several dehydration steps, recombinant Escherichia coli BL21(DE3) + pET 23(a)
(negative control) and Escherichia coli BL21(DE3) + pET 23(a)-omp-CRS were embedded in

LR white resin, which was then dehydrated in several steps using 0.2% glutaraldehyde as

~ fixative. Thin sections cut using an ultramicrotome were incubated with rabbit anti-CRS

polyclonal antibody followed by nanogold-labeled goat anti-rabbit IgG (whole molecule)
secondary antibody and visualized under the transmission electron microscope. Different fields
were observed and the gold particles were found to be exclusively present on the surface of the

cells (Figure 7). No labeling occurred with cells as the negative control.
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Example 7

Relative expression levels of cytoplasmic and surface expressed CRS in transformant |

Escherichia coli BL21(DE3) + pET 23(a)-omp-CRS (CRS, Sequence ID No 1)

Fresh culture of recombinant Escherichia coli BL21(DE3) + pET 23(a)-CRS (CRS,
Sequence ID No 1) and Escherichia coli BL21(DE3) + pET 23(a)-omp-CRS (CRS, Sequence ID
No 1) were grown and whole cell proteome of each clone was prepared. The proteome obtained
from various concentrations of cells was run on 12.5% SDS-PAGE under reducing conditions.
After electro blotting on to nitrocellulose membrane, it was probed with rabbit ansi-CRS
polyclonal antibody, which was further probed with alkaline phosphatase conjugated goat-anti .
rabbit IgG antibody. Probing with antibody was followed by developing the blot by dipping it in
the substrate solution containing 5-bromo-4-chloro-3-indolyl phosphate (BCIP, 0.15 mg ml™),
nitro blue tetrazolium (NBT, 0.30 mg ml™), Tris HC1 (100 mM) and MgCl, (5 mM), pH 9.5 for
10 min. The expression of the CRS was determined by analyzing the band intensity by software
Scion Image of the corresponding clone. The intensity was plotted against amount of the cells
taken and the slope (dy/dx) for the intracellular expression and surface expression compared. The
expression of CRS on the surface of the cells as omp-CRS fusion protein was found to be 17.9-

fold less as compared to CRS expressed in the cytoplasm.

Example 8

Surface expressed CRS showed 275-fold increased activity compared to cytoplasmic CRS

for reduction of ethyl 4-chloro-3-oxobutyrate

Fresh culture of recombinant Escherichia coli BL21(DE3) + pET 23(a)-CRS (CRS
Sequence ID No 1) and Escherichia coli BL21(DE3) + pET 23(a)-omp-CRS (CRS Sequence ID
No 1) were grown and used to determine the carbonyl reductase activity. The assay was done
using ethyl 4-chloro-3-oxobutyrate as substrate and nicotinamide adenine dinucleotide
phosphate, reduced (NADPH) as cofactor. The initial rate of carbonyl reductase activity was
determined by monitoring the decrease in absorbance of nicotinamide adenine dinucleotide
phosphate, reduced (NADPH) at 4349 The standard reaction mixture (1 ml)>in 50 mM phosphate
buffer pH 7.0 contained 0.2 mM nicotinamide adenine dinucleotide phosphate, reduced
(NADPH), 10%-10® recombinant - Escherichia coli cells and 2.0 mM ethyl (S)-4-chloro-3-
oxobufanoate. One unit of activity was defined as the amount of dry cell weight that catalyzed
the oxidation of 1 umol nicotinamide adenine dinucleotide phosphate, reduced (NADPH) per

minute under specified conditions. The activity of recombinant Escherichia coli BL21(DE3) +
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pET 23(a)-omp-CRS (CRS Sequence ID No 1) expressing ompr-qCRS on the surface was

determined to be 156.20 x 10° nmol/min/gm dry cell weight. In comparison recombinant
Escherichia coli BL21(DE3) + pET 23(a)-CRS (CRS Seqﬁence ID No 1) expressing CRS in
cytoplasm showed activity of 10.16 x 10° nmol/min/gm dry cell weight. Thus, for equal amount
of cells, the surface displayed CRS showed 15.4-fold higher activity. However, we have shown
that for equal amount of cells, the recombinant Escherichia coli BL21(DE3) + pET 23(a)-CRS
expressed 17.9-fold more protein as compared to recombinant Escherichia coli BL21 +
pET23(a)-omp-CRS. Thus, activity per unit protein for recombinant Escherichia coli
BL21(DE3) + pET23(a)-omp-CRS was 275-fold higher than recombinant Escherichia coli
BL21(DE3) + pET23(a)-omp-CRS. The result has been summarized in Table 2.

Table 2: Relative activity of recombinant Escherichia coli expressing CRS (CRS Sequence 1D

No 1) on surface as omp-CRS fusion protein and recombinant Escherichia coli
expressing CRS (CRS Sequence ID No 1) in cytoplasm.

Clone used for Activity Relative Activity per unit | Fold

the experiment (nmole/min/gm | concentration | of CRS increase in
| DCW¥) of CRS _ activity

Escherichia  coli | 10.16 x10° 17.9 0.57 x 10° R

BI21(DE3) + CRS-

pET23(a)

Escherichia -~ coli | 15620 x10° - |1 156.20 x 10° 1275.19

BI21(DE3) + omp-

CRS-pET23(a)

* DCW = Dry cell weight. -
# Negative control Escherichia coli BL21(DE3) + pET23(a) did not given any activity.

Example 9

Surface expressed CRS showed 50-fold to 275-fold increased activity compared to

cytoplasmic CRS for reduction of variant ketones

The assays were done in 96-well ELISA plate. The. reaction mixture consisting of 0.2 mM
nicotinamide adenine dinucleotide phoéphate, reduced (NADPH), 2.0 mM substrate, 50pug/ml
Escherichia coli cells (for calculation of cell mass, ODgop = 1 of cell suspension was taken as
equivivalent to 0.25 mg/ml dry cell weight) in 50 mM‘phosp.hate buffer, pH 7.0 was incubated at
30 °C for about 30 min to 12 hr depending upon the consumption of the substrate. The
consumption of nicotinamide adenine dinucleotide phosphate, reduced (NADPH) was monitored
by decrease in the absorbance at A3s0. The results have been summarized in Table 3 and 4. As

expected surface expressed CRS (CRS Sequencé ID no 1) was much more efficient than
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intracellularly expressed CRS '(Sequence ID no 1) in reduction of a variety of aliphatic and

aromatic ketones. In general, the increase in activity was in the range of 50-fold and 275-fold per

unit CRS protein under these conditions. The relative concentration of CRS was determined as

described in Example 7.

Table 3: Relative activity of recombinant Escherichia coli expressing CRS (Sequence ID No 1)
on surface as omp-CRS fusion protein and recombinant Escherichia coli expressing CRS
(Sequence ID No 1) in cytoplasm for variant ketones®.

Entry Substrate Escherichia | Escherichia Fold Fold
- coli BL21 | coli BL21 + | increas | increase
+ PET23(a)- ein in
pET23(a)- omp-CRS activity | activity
CRS ‘(nmol/mir*ll per unit | per unit
(nmol/min/ | gm DCW') | DCW* | protein#
gm DCW*)
1 Ethyl 4-chloro-3-oxobutyrate 10.16x10° 156.20 x10° 15.37 275.19
2 | Ethyl 2-chloro-3-oxobutyrate | 30.06x10° | 161.48x10* | 537 96.12
3 Ethyl -3-oxobutyrate 3.60 x10° 12.01 x10° 3.34 59.80
4 | Ethyl 4-methyl-3- 3.52x10° 43.12 x10° 12.25 219.27
oxopentanoate
5 Octyl 4-chloro-3- 1.72 x10° 10.12 x10° 5.88 105.25
oxobutanoate '
6 ethyl 4,4,4-trifluoro-3- 1.94 x10° 5.54 x10° 2.86 - 51.19
oxobutyate :
8 Acetophenone 1.54 x10° 5.19 x10° 3.37 60.3
9 4-Chloroacetophenone 3.43 x10° 12.28 x10° 3.58 64.09
10 4-Bromoacetophenone 3.79 x10° 18.48 x10° | 4.88 87.28
11 | 4-Fluoroacetophenone 2.56 x10° 22.88x10° .| 8.94 159.98
12 4-Methylacetophenone 1.94 x10° 5.45 x10° 2.82 50.29
13 | 4-Methoxyacetophenone 1.06 x10° 3.60x10° 3.40 60.79
14 |4 3.0x10° 30.10x10° | 10.03 | 179.60
trifluoromethylacetophenone
15 | 4-Nitroacetophenone 6.16 x10° | 49.63 x10° 8.06 | 142.22

* External GDH was added to assdy mixture for cofactor recycle
* DCW = Dry cell weight
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Table 4: Relative activity of recombinant Escherichia coli co-expressing CRS (Sequence ID No
1) and GDH (Sequence ID No 9) on surface as omp-CRS fusion protein and omp-GDH protein
and recombinant Escherichia coli co-expressing CRS (Sequence ID No 1) and GDH (Sequence
ID No 1) in cytoplasm for variant ketones.

Entry Substrate Escherichia | Escherichia Fold Fold
coli coli increas | increase
C41(DE3) | C41(DE3) + e in in
+ PETDuetl- activity | activity
PETDuetl- | omp-CRS, per unit { per unit
CRS, GDH | omp-GDH DCW?* | protein#
(nmol/min/ (nmol/mil*ll
gm DCW*) | gm DCW)
1 | Ethyl 4-chloro-3-oxobutyrate | 14.42x10° | 217.36x10°> | 15.08 269.87
2 | Ethyl 2-chloro-3-oxobutyrate | 37.26 x10° | 165.88 x10° 4.45 79.69
3 Ethyl -3-oxobutyrate 4.03 x10° 12.76 x10° 3.17 56.74
4 | Ethyl 4-methyl-3- 4.06 x10° 53.02 x10° 13.06 | 233.90
oxopentanoate
5 | Octyl 4-chloro-3- 1.65 x10° 9.50 x10° 5.74 102.78
oxobutanoate
6 | ethyl 4,4,4-trifluoro-3- 1.65 x10° 5.48 x10° 3.31 59.33
oxobutyate
7 | Acetophenone 2.53 x10° 5.79 x10° 2.29 41.03
8 4-Chloroacetophenone 3.26 x10? 11.07 x10° 3.40 60.78
9 | 4-Bromoacetophenone 2.44 x10° 19.54 x10° 8.0 143.26
10 4-Fluoroacetophenone 2.96 x10° 22.66 x10° 7.64 136.82
11 | 4-Methylacetophenone 1.97 x10° 6.53 x10° 3.31 59.19
12 4-Methoxyacetophenone 1.22 x10° 3.32x10° 2.73 48.81
13 | 4- 3.37 x10° 29.37 x10° 8.71 155.99
trifluoromethylacetophenone :
14 | 4-Nitroacetophenone 7.07 x10° 46.31 x10° 6.55 117.28

* DCW = Dry cell weight
# The CRS expression per g DCW was 17.9-fold lower for surface expressed CRS compared to
cytoplasmically expressed CRS.
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Example 10

Demonstration of the expressioh of glucose dehydrogenase on the surface of transformant
Escherichia coli C41(DE3) + pETDuetl-omp-CRS, omp-GDH (CRS, Sequence ID No 1;
GDH, Sequence ID No 9)

The transformant Escherichia coli C41(DE3) + pETDuet!-omp-CRS; omp-GDH (CRS,
Sequence ID No 1; GDH, Sequence ID No 9) was grown as described in example 5 above, in
100 ml culture media. The cells were isolated by centrifugation and washed with 50 mM
phosphate buffer (pH 7.0). The cells were then suspended in 5 ml lysis buffer (50 mM NaH,PO.,,
150 mM NaCl, 1 mg ml"' Lysozyme, pH 8.0) for 30 min at 4 °C. The cell suspension was then
sonicated with 30 sec pulse on and 30 sec pulse off at 4 °C for 20 min. The cell debris was
removed by centrifugation at 14000 rpm for 30 min and supernatant (cell free extract) was taken
for further analysis. Membrane fraction and soluble protein fraction from the supernatant (cell-
free extract) were separated as described earlier. All the three fractions, cell-free extract,
membrane fraction and soluble protein fraction were assayed for their ability to oxidize glucosé
to gluconate, like the standard reaction mixture (1 ml) in 100 mM tris-HCI buffer, pH 8.0,
containing 0.5 mM nicotinamide adenine dinucleotide p’hos.phate (NADP) (50ul of 7.78 mg ml’
h, 5 mM glucose (25 ul of 180 mg ml™) and 1-50 pl of the sample was incubated at 30 °C and
the activity was determined by monitoring the formation of nicotinamide adenine dinucleotide
phosphate, reduced (NADPH) at As40. The results have been summarized in Table 5. As expected
most of the activity was recovered from membrane fraction. The membrane fraction of

Escherichia coli C41(DE3) + pETDuetl (negative control) was devoid of any activity.

Table 5: Glucose dehydrogenase (GDH) activity of various fractions from Escherichia coli
C41(DE3) + pETDuetl-omp-CRS, omp-GDH (CRS, Sequence ID No 1;# GDH,
Sequence ID No 9) and Escherichia coli C41(DE3) + pETDuet]

_ : Escherichia coli | Escherichia coli C41(DE3)
Ent Fraction of | C41(DE3) + pETDuetl | + pETDuetl-omp-CRS,
ry Escherichia coli Total activity | omp-GDH Total activity
(nmol/min) | (nmol/min)
1 Cell-free extract 632.26 6275.02
2 Soluble fraction 438.71 | 1055.72
3 Membrane fraction 0.0 4290.32
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Example 11

Relative expression levels for cytoplasmic and surface expressed GDH (Sequence ID No 9)
in Escherichia coli C41(DE3)

Glucose dehydrogenase activity of recombinant Escherichia coli C41(DE3) + pET 29(a)-CRS +
pET 29(a)-GDH (CRS, Sequence ID No 1; GDH, Sequence ID No 9) and Escherichia coli
C41(DE3) + pETDuetl —oMp-CRS omp-GDH (CRS, Sequence ID No 1; GDH, Sequence ID No
9) was determined by monitoring the increase in the absorbance of nicotinafnide adenine
dinucleotide phosphate, reduced (NADPH) at 340 nm spectrophotométrically using glucose as a
substrate. The reaction mixture (I ml) in 50 mM Tris-HCI buffer pH 8.0, contained 0.5 mM
nicotinamide adenine dinucleotide phosphate (NADP)", 10° to 108 cells and15.0 mM glucose.
One unit of activity was defined as the amount of cells (dry cell weight) that catalyzed the
reduction of 1 pumol NADP per minute under these conditions. Recombinant Escherichia coli
expressing GDH on the surface of the cells as omp-GDH fusion protein showed activity of
683.52 x 10° nmol/min/gm dry cell weight, whereas recombinant Escherichia coli expressing
GDH in the cytoplasm showed activity of 41.87 x 10° nmol/min/gm dry cell weight. The relative
expression level of GDH expressed on the surface and in cytoplasm was estimated from SDS
PAGE. The cytoplasmic expression was estimated to be about 13.8-fold higher compared to
surface expressed protein of recombinant Escherichia coli Escherichia coli C41(DE3) +
pETDuetl-omp-CRS, omp-GDH was 225-fold higher compared to recombinant Escherichia coli
C41(DE3) + pET 29(a)-CRS + pET 29(a)-GDH. The results are summarized in Table 6.

Table 6: Relative activity of recombinant Escherichia coli expressing GDH on surface as omp-

GDH (Sequence ID No 9) fusion protein and recombinant Escherichia coli expressing GD
(Sequence ID No 9). in cytoplasm

Clone used for the | Activity Relative Activity per unit | Fold

experiment (nmole/min/gm | concentratio | of GDH increase in
_ DCW¥) n of GDH : | activity
Escherichia  coli | 41.87 x10° 13.8 3.03 x 10° 1

C41(DE3) + pET
29(a)-CRS + pET

29(a)-GDH

Escherichia coli | 683.52 x10° 1 683.52x 10° 225.58
C41(DE3) +

pETDuetl-omp-

CRS, omp-GDH

* DCW = Dry cell weight ‘
# Negative control Escherichia coli BL21(DE3) + pET29(a) did not given any activity
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Example 12

Production of ethyl (S)-4-chloro-3-hydroxybutyrate using transformant Escherichia coli
BL21(DE3) + pET 23(a)-omp-CRS (CRS, Sequence ID No 1) or C41(DE3) + pET 23(a)-omp-
CRS (CRS, Sequence ID No 1) as biocatalyst |

The reaction was done in 2-phase system using dibutyl ether as co-solvent in an
autotitrator (718 STAT Titrino, Metrohm, Switzerland). Escherichia coli BL21(DE3) + pET
23(a)-omp-CRS cells or C41(DE3) + pET 23(a)-omp-CRS (1.38 g; dry cell weight basis) were
suspended in 20 ml phosphate buffer, 100 mM, pH 6.5. Glucose (9 g, 50 mmol), glucose
dehydrogenase (3600 U), nicotinamide adenine dinucleotide phosphate (NADP) (18 mg, 0.02
mmol) and ECOB (6 g, 36.5 mmol) in 15 ml dibutyl ether were added to the suspension and
contents gently stirred on magnetic stirrer at 30 °C. The pH of the reaction was maintained at 6.5
with 5 M NaOH. The progress of the reaction was monitored at one hr inteWal as follows. An
aliquots of 0.2 ml each was withdrawn and extracted with 2 ml of ethyl acetate. The organic
phase was separated by centrifugation, dried over sodium sulphate and solvents removed.to leave
a residue, which was analyzed by 'H NMR. In 'H NMR methylene group corresponding to
CH,Cl in ECOB appeared as a singlet at 8 3.65, whereas it appeared as dd at 3.60 in reduced
product ECHB. Since, these peaks appear in well resolved segment of '"H NMR, their relative
éoncentrations in the mixture of two compounds can be easily calculated by comparing the

relative integral values of the resonance at 6 3.60 and 3.65.

When the reaction mixture showed absence of the starting material, contents were extracted in
ethyl acetate. The organic phase was separated by centrifugation, dried over sodium sulphate and
solvents removed to give ethyl (S)-4-chloro-3-hydroxybutyrate. The optical purity of ethyl (S)-4-
chloro-3-hydroxybutyrate is measured by high performance liquid chromatography by using
Chiracel OB-H, product of Daicel Chemical Industries; eluent: hexane/isopropanol =96/4; flow

rate: 1 ml/min; detection: 217 nm; column temperature: room temperature.

Exa’mple 13

Production of ethyl (S)-4-chloro-3-hydroxybutyrate using transformant Escherichia coli
BL21(DE3) + pET Duetl-omp-CRS, omp-GDH (CRS, Sequence ID No 1; GDH, Sequence
ID No 9) or Escherichia coli C41(DE3) + pET Duetl-omp-CRS, omp-GDH (CRS, Sequence
ID No 1; GDH, Sequence ID No 9) as biocatalyst '

The production method was same as described in Example 12 except that no glucose
dehydrogenase was added to the reaction.
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We claim:

1.

A designer cell that expresses a non-naturally occurring carbonyl reductase

- polypeptide of sequence selected from SEQ ID NO: 1, 3, 5 or 7 of the Sequence

Listing on the surface of cell having 250-fold to 300-fold higher activity per unit mass
of CRS polypeptide compared to the designer cell that expresses corresponding
carbonyl reductase of SEQ ID NO: 13 or 15 or 17 or 19 of the sequence listing in
cytoplasm of cell for conversion of ethyl 4-chloro-3-oxobutyrate of formula 1 to

ethyl (S)-4-chloro-3-hydroxybutyrate of formula 2.

o O OH O

C'\)J\/U\o/\ : C'\)\/U\O/\

-

Formula 1 , Formula 2

A designer cell as claimed in claim 1 that expresses a non-naturally occurring

carbonyl reductase polypeptide SEQ ID NO: 1 of the Sequence Listing on the surface
of cell having about 275-fold higher activity per unit mass of CRS polypeptide
compared to the designer cell that expresses corresponding carbonyl reductase of
SEQ ID NO: 13 of the sequence listing in cytoplasm of cell for conversion of.ethyl 4-
chloro-3-oxobutyrate of formula 1 to ethyl (S)-4-chloro-3-hydroxybutyrate of formula
2. |

A designer cell as claimed in claim 1 that expresses a non-naturally occurring
carbonyl reductase polypeptide of sequence selected from SEQ ID NO: 1, 3, S or 7 of
the Sequence Listing on the surface of cell having 15-fold to 26-fold higher activity
per unit cell mass compared to the designer cell that expresses corresponding
carbony! reductase of SEQ ID NO: 13 or 15 or 17 or 19 of the Sequence Listing in
cytoplasm of cell for conversion of ethyl 4-chloro-3-oxobutyrate of formula 1 to ethyl
(S)-4-chloro-3-hydroxybutyrate of formula 2.

A designer cell as claimed in claim 1 that expresses a non-naturally occurring
carbonyl reductase polypeptide of SEQ ID NO: 1 of the Sequence Listing on the
surface of cell having at least 15-fold higher activity per unit cell mass compared to

the designer cell that expresses corresponding carbonyl reductase of SEQ ID NO: 13
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of the sequence listing in cytoplasm of cell for conversion of ethyl 4-chloro-3-

oxobutyrate of formula 1 to ethyl (S)-4-chloro-3-hydroxybutyrate of formula 2.

. A designer cell as claimed in claim 1 that expresses a non-naturally occurring '

carbonyl reductase polypeptide of SEQ ID NO: 1 of the Sequence Listing on the
surface of cell having 50-fold to 275-fold higher activity per unit mass of CRS
polypeptide compared to the designer cell that expresses corresponding carbonyl
reductase of SEQ ID NO: 13 of the Seduence Listing in cytoplasm of cell for

reduction of compound of formula 3

Formula 3
wherein R, = CHj3, CH,X, (CH3),CH, CF;3 or CH3(CH>),
R> =H, X or CH3(CHy)y;
R; = alkyl group such as CHj3 or CH3(CH)m;

X =ClorBr;
n=1-4 and
m = 1-§;

. A designer cell as claimed .in claim 1 that expresses a non-naturally occurring

carbonyl reductase polypéptide of SEQ ID NO: 1 of the Sequence Listing on the
surface of cell having 50-fold to 180-fold higher activity per unit mass of CRS
polypeptide compared to the designer cell that expresses corresponding carbonyl
reductase of SEQ ID NO: 13 of the Sequence Listing in cytoplasm of cell for

reduction of compound of formula 4

R; O~
R
5 R6
R; R,
Rz
Formula 4

wherein R|:R2:R3=R4:R5=H, CH3, F, Cl, BI‘, I, CF3, N02 or OCH3;
Re= alkyl group such as CHj3 or CH3(CHa)y;
n=1to5.

. A designer cell as claimed in claim 1 that expresses a non-naturally occurring

carbonyl! reductase polypeptide of SEQ ID NO: 1 of the Sequence Listing on the
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surface of cell having about 3-fold to 15-fold higher activity per unit cell mass
compared to the designer cell that expresses corresponding carbonyl reductase of
SEQ ID NO: 13 in cytoplasm of cell for reduction of compound of formula 3 or

compound of formula 4

Formula 3
wherein R| = CH3, CH,X, (CH;3),CH, CF; or CH3(CH,),
R, =H, X or CH3(CHy),;
R3 = alkyl group such as CH3 or CH3(CHy)m;

X=ClorBr;
n=1-4 and
m = 1-8;
R, O
Rz
Formula 4

wherein R |=R,=R;=R,=Rs=H, CH;s, F, Cl, Br, I, CF3, NO; or OCHj3;
R¢= alkyl group such as CH; or CH3(CHp)y;
n=1to 5.

. A designer cell that simultaneously expresses a non-naturally occurring CRS

polypeptide of sequence selected from SEQ ID NO: 1, 3, 5 or 7 and a non-naturally
occurring GDH polypeptide of sequence selected from SEQ ID NO: 9 or 11 of the
Sequence Listing on the surface of cell that has 250-fold to 300-fold higher activity
for conversion of ethyl 4-chloro-3-oxobutyrate of formula 1 to ethyl (S)-4-chloro-3-
hydroxybutyrate of formula 2 per unit mass of CRS polypeptide and 200-fold to 250-
fold enhanced activity for oxidation of glucose to gluconate per unit mass of GDH
polypeptide  compared to the designer cell that simultaneously expresses
corresponding CRS of SEQ ID NO: 13 or 15 or 17 or 19 of the Sequence Listing and
corresponding GDH of SEQ ID NO: 21 or 23 of the Sequence Listing in cytoplasm of

cell.
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o © OH O

CIMO/\ CI\/k/U\O/\

Formula 1 Formula 2

A designer cell as claimed in claim 8 that simultaneously expresses a non-naturally
occurring CRS polypeptide SEQ ID NO: 1 and a non-naturally occurring GDH
polypeptide SEQ ID NO: 9 of the Sequence Listing on the surface of cell that has
about 270-fold higher activity for conversion of ethyl 4-chloro-3-oxobutyrate of
formula 1 to ethyl (S)-4-chloro-3-hydroxybutyrate of formula 2 per unit mass of CRS
polypeptide and about 225-fold enhanced activity for oxidation of glucose to
gluconate per unit mass of GDH polypeptide compared to the designer cell that
simultaneously expresses corresponding CRS of SEQ ID NO: 13 of the Sequence
Listing and corresponding GDH of SEQ ID NO: 21 of the Sequence Listing in
cytoplasm of cell. ;
A designer cell as claimed in claim 8 that simultaneously expresses a non-naturally
occurring CRS polypeptide of sequence selected from SEQ ID NO: 1,3, 5or 7 and a

non-naturally occurring GDH polypeptide of sequence selected from SEQ ID NO: 9,

11, 13 or 15 of the Sequence Listing on the surface of cell that has about 11-fold to

24-fold higher activity for conversion of ethyl 4-chloro-3-oxobutyrate of formula 1 to

ethyl (S)-4-chloro-3-hydroxybutyrate of formula 2 per unit cell mass and 9-fold to

31-fold enhanced activity for oxidation of glucose to gluconate per unit cell mass

compared to the designer cell that simultaneously expresses corresponding CRS of
SEQ ID NO: 13 or 15 or 17 or 19 of the Sequence Listing and corresponding GDH of
SEQ ID NO: 21 or 23 of the Sequence Listing in cytoplasm of cell..

A designer cell as claimed in claim 8 that simultaneously expresses a non-naturally

occurring CRS polypeptide of SEQ ID NO: 1 and a non-naturally occurring GDH

polypeptide of SEQ ID NO: 9 of the Sequence Listing on the surface of cell that has

about 15-fold higher activity for cdnversion of ethyl 4-chloro-3-oxobutyrate of
formula 1 to ethyl 4-ch10ro-3-hydroxybutyrate of formula 2 per unit cell mass and

about 16-fold enhanced activity for oxidation of glucose to gluconate per unit cell

mass compared to the designer cell that simultaneously expresses corresponding CRS

of SEQ ID NO: 13 of the Sequence Listing and corresponding GDH of SEQ ID NO:

21 of the Sequence Listing in cytoplasm of cell.
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12. A designer cell as claimed in claim 8 that simultaneously expresses a non-naturally

13.

occurring CRS polypeptide of SEQ ID NO: 1 and a non-naturally occurring GDH
polypeptide of SEQ ID NO: 9 of the Sequénce Listing on the surface of cell having
about 55-fold to 270-fold higher activity per unit mass of CRS polypeptide compared
to the designer cell that simultaneously expresses corresponding CRS of SEQ ID
NO: 13 of the Sequence Listing and corresponding GDH of SEQ ID NO: 21 of the

Sequence Listing in cytoplasm of cell for reduction of compound of formula 3

Formula 3 ‘ |
wherein R = CH3, CH,X, (CH3),CH, CF3 or. CH3(CHy),
Ry =H, X or CH3(CH2),;
R3 = alkyl group such as CH3 or CH3(CHj3)m;

X =ClorBr;
n=1-4 and
m=1-8

A designer. cell as claimed in claim 8 that simultaneously expresses a non-naturally
océurring CRS polypeptide of SEQ ID NO: 1 and a non-naturally occurring GDH
polypeptide of SEQ ID NO: 9 of the Sequence Listing on the surface of cell having
about 40-fold to 156-fold higher activity per unit mass of CRS polypeptide compared
to the designer cell that simultaneously expresses corresponding CRS of SEQ ID
NO: 13 of the Sequence Listing and corresponding GDH of SEQ ID NO: 21 of the

Sequence Listing in cytoplasm of cell for reduction of compound of formula 4

R4 O *

vFormuIa 4

wherein R;=R,=R3=R4=Rs=H, CHj, F, Cl, Br, I, CF5, NO; or OCHj;
Re= alkyl group such as CH; or CH3(CH,)y;

n=1 to 5.

-

14. A designer cell as claimed in claim 8 that simultaneously expresses a non-naturally

occurring CRS polypepti&e of SEQ ID NO: 1 and a non-naturally occurring GDH

polypeptide of SEQ ID NO: 9 of the Sequence Listing on the surface of cell having
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about 2-fold to 15-fold higher activity per unit cell mass compared to the designer cell
that  simultaneously expresses corresponding CRS of SEQ ID NO: 13 of the
Sequence Listing and correspondiﬁg GDH of SEQ ID NO: 21 of the Sequence Listing
in cytoplasm of cell for reduction of compound of compound of formula 3 or

compound of formula 4

Formula 3
wherein R; = CHj3, CHX, (CH3),CH, CF3 or CH3(CH,)y;
R, =H, X or CH3(CHy)y;
R; = alkyl group such as CH3 or CH3(CH2)pm;

X=ClorBr;
n=1-4 and
m=1-8
Ry Rs
R2
Formula 4

wherein R;=R,=R3=R4=Rs=H, CH3, F, Cl, Br, I, CF;, NO; or OCH3;

Re¢= alkyl group such as CH; or CH3(CHa)n;

n=11to05.

A designef cell as claimed in claim 1 to 14, wherein designer cell is recombinant
Escherichia coli BL21(DE3) or recombinant FEscherichia coli C41(DE3) or
recombinant Escherichia coli C43(DE3).

A recombinant expression vector comprising polynucleotide encoding the
polypeptide having the amino acid sequence of SEQ ID NO 1 or 3 or 5 or 7 showing
carbonyl reductase activity. '

A recombinant expression vector comprising polynucleotides’ encoding the
polypeptide having the amino acid sequence of SEQ ID NO 1 or 3 or 5 or 7 showing

carbonyl reductase activity and the polypeptide having the amino acid sequence of

- SEQ ID NO 9 or 11 showing GDH activity.

18.

Use of the designer cell as claimed in claim 1 for the production of ethyl (S)-4-chloro-

3-hydroxybutyrate of formula 2 in about 100% enantiomeric excess
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OoH O
cl o./\

Formula 2

19. Use of the designer cell as claimed in claim 8 for the production of ethyl (S)-4-chloro-

3-hydroxybutyrate of formula 2 in about 100% enantiomeric excess
20. Use of the designer cell as claimed in claim 1 for the production of compound of

formula 5

OH
R1/Hj\ o

R2
Formula 5

wherein R; = CH3, CH,X, (CH3),CH, CF3 or CH3(CH,),;

R, =H, X or CH3(CH2)y;
R3 = alkyl group such as CHj3 or CH3(CHj)m;

X =Clor Br;
n=1-4 and
m=1-8

21. Use of the designer cell as claimed in claim 8 for the productioh of compound of

formula 5
' OH
R2
Formula 5
wherein R; = CHj, CH,X, (CH3),CH, CF; or CH3(CHa),;

R, =H, X or CH3(CH,),;
'Rz = alkyl group such as CH3 or CH3(CH2);

X=ClorBr;
n=1-4 and
m=1-8

22. Use of the designer cell as claimed in claim 1 for the production of compound of

formula 6
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R, ,OH
Rs : R,
R4 Rj
R2
Formula 6

wherein R1=R,=R;=R4=R;s=H, CHj, F, C], Br, I, CF3, NO; or OCHj;
Re= alkyl group such as CH; or CH3(CH,),;
n=1to 5. ‘

23. Use of designer cell as claimed in claim 8 for the producﬁon of compound of formula

Formula 6 :
wherein R,=R;=R;=R;=Rs=H, CH, F, C, Br, I, CF3, NO, or OCHj;
Re= alkyl group such as CH; or CH3(CHa)y;
n=1to5.
24. A process for production of ethyl (S)-4-chloro-3-hydroxybutyrate of formula 2 in

about 100% enantiomeric excess,

" OH 0
Ci O/\\

Formula 2
and the said process comprising the steps of;

f. providing ethyl 4-chloro-3-oxobutyrate of formula 1;
o O~

Formula 1 |
g. contacting the ethyl 4-chloro-3-oxobutyrate with designer cell as claimed in claim
1 and 0.005 to 0.02 mol % nicotinamide adenine dinucleotide phosphate, reduced
(NADPH) and 100 to 500 units glucose dehydrogenase and a buffer solution of
pH 5.0 t0 9.0; o
h. adding to the reaction mixture obtained in step (b) an organic solvent such as
ethyl acetate, butyl acetate, diethylether, methyl n-butyl ether or di-n-butyl ether

in the ratio ranging between 10:1 to 1:1;
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- 25.
26.
27.

28.

1. energetically mixing the reaction mixture on magnetic stirrer at constant
temperature of 20 to 40 °C; '

j. extracting the product obtained in step (d) in ethyl acetate followed by isolating
~ the product ethyl (S)-4-chloro-3-hydroxybutyrate.

The process as claimed in claim 24 wherein pH is preferably 6.5.

The process as claimed in claim 24 .wherein temperature is preferably 30 °C.

The process as claimed in claim 24 wherein organic solvent is preferably di-n-butyl

ether.

The process as claimed in claim 24 wherein designer cell is a strain of recombinant

Escherichia coli  selected from recombinant Escherichia coli  BL21(DE3),

* recombinant Escherichia coli C41(DE3) and recombinant Escherichia coli

29.

30.

C43(DE3).

The process as claimed in claim 24 wherein designer cell is preferably recombinant
Escherichia coli C41(DE3).

A process for production of ethyl (S)-4-chloro-3-hydroxybutyrate of formula 2 in

about 100% enantiomeric excess

OH O
C'\)\/u\o/\

Formula 2
and the said process comprising of steps of;}

a. providing ethyl 4-chloro-3-oxobutyrate; -
o ©

C‘\)K/U\o/\

Formula 1

b. contacting the ethyl 4-chloro-3-oxobutyrate with designer cell as claimed in claim
8 and 0.005 to 0.02 mol % nicotinamide adenine dinucleotide phosphate, reduced
(NADPH) and a buffer solution of pH 5.0 to 9.0;

¢. adding to the reaction mixture obtained in step (b) an organic solvent such as
ethyl acetate, butyl acetate, diethylether, methyl n-butyl ether or di-n-butyl ether
in the ratio ranging between 10:1 to 1:1;

d. energetically mixing the reaction mixture on magnetic stirrer at constant
temperature of 20 to 40 °C; | |

e. extracting the product obtained in step (d) in ethyl acetate followed by isolating

the product ethyl (S)-4-chloro-3-hydroxybutyrate.
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31. The process as claimed in claim 30 wherein pH is preferably 6.5.

32. The process as claimed in claim 30 wherein temperature is preferably 30 °C.

33. The process as claimed in claim 30 wherein organic solvent is preferably di-n-butyl
ether.

34. The process as claimed in claim 30 wherein designer cell is a strain of recombinant
Escherichia coli  selected from recombinant Escherichia coli BL21(DE3),
recombinant Escherichia coli  C41(DE3) and recombinant Escherichia coli
C43(DE3). | |

35. The process as claimed in claim 30 wherein designer cell is‘ recombinant Escherichia
coli BL21(DE3).

36. The process as claimed in claim 30 wherein designer cell is preferably recombinant
Escherichia coli C41(DE3).

37. A process for the production of optically enriched aliphatic alcohols of formula 5
OH
R1)\i o fs
R2
Formula 5
wherein R; = CH;, CHzX, (CHj3),CH, CF3 or CH3(CHy)y;

R; =H, X or CH3(CHy)n;
Rj3 = alkyl group such as CHj; or CH3(CHz)m;

X =ClorBr;
n=1-4 and
m=1-8

and the said process comprising the steps of;

f. providing a ketone of formula 3

Formula 3
wherein R| = CH3, CH,X, (CH3),CH, CF;5 or CH3(CHy)p;
R, =H, X or CH3(CHa)y;
R3'= alkyl group such as CH; or CH3(CH,)yy;

X =ClorBr,
n=1-4 and
m=1-8
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38.
39.
40.

41.

g. contacting the ketone of formula 3 as provided in step (a) with designer cell as
claimed in claim 1 and 0.005 to 0.02 mol % nicotinamide adenine dinucleotide
phosphate, reduced (NADPH) and 100 to 500 units glucose dehydrogenase and
buffer solution of pH 5.0 to 9.0 to form the reaction mixture;

h. adding to the reaction mixture obtained in step (b) an organic solvent such as

| ethyl acetate, butyl acetate, diethylether, methyl n-butyl ether or di-n-butyl ether
in the ratio ranging between 10:1 to 1:1; | ' ‘

1. energetically mixing the reaction mixture on magnetic stirrer at constant

temperature of 20 to 40 °C;

). extracting the product obtained in step (d) in ethyl acetate followed by isolating

the compound of formula 5.
The process as claimed in claim 37 wherein pH is preferably 6.5.
The process as claimed in claim 37 wherein temperature is.preferabiy 30 °C.
The process as claimed in claim 37 wherein organic solvent is preferably di-n-butyl
ether. |
The process as claimed in claim 37 wherein designer cell is a strain of recombinant

Escherichia coli  selected from recombinant Escherichia coli BL21(DE3),

- recombinant Escherichia coli C41(DE3)‘ and recombinant FEscherichia coli

42.

43.

C43(DE3).
The process as claimed in claim 37 wherein designer e cell is preferably recombinant
Eséherichia coli C41(DE3). |

A process for production of optically enriched aryl alcohols of formula 6

R, OH
R :
5 RG
. R,
Formula 6

- wherein R;=R,=R3=R4=Rs=H, CHj, F, Cl, Br, I, CF3, NO, or OCHj;

Rg¢= alkyl group such as CHj3 or CH3(CH;)p;

n=1toS5.

and the said process comprising the steps of;

f. providing a ketone of formula 4

R
5 RG
Formula 4
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44,
45,
46.

47.

48.

49.

Wherein R;=R,=R;=R4=Rs=H, CHj, F, Cl, Br, I, CF3;, NO, or OCH3;

R¢= alkyl group such as CHj; or CH3(CH2)',]; |

n=1to 5. _

contacting the ketone of formula 3 as provided in step (a) with designer cell as
claimed in claim 1 and 0.005 to 0.02 mol % nicotinamide adenine dinucleotide
phosphate, reduced (NADPH) and 100 to 500 units glucose dehydrogenase and

buffer solution of pH 5.0 to 9.0 to form the reaction mixture;

. adding to the reaction mixture obtained in step (b) an organic solvent such as

ethyl acetate, butyl acetate, diethylether, methyl n-butyl ether or di-n-butyl ether
in the ratio ranging between 10:1 to 1:1;

energetically mixing the reaction mixture on magnetic stirrer at constant
temperature of 20 to 40 °C,

extracting the produc‘t obtained in step (d) in ethyl acetate followed by isolating

the compound of formula 6.

The process as claimed in claim 43 wherein pH is preferably 6.5.

The process as claimed in claim 43 wherein temperature is preferably 30 °C.

The process as claimed in claim 43 wherein organic solvent is preferably di-n-butyl
ether.

The process as claimed in claim 43 wherein designer cell is a strain of recombinant
FEscherichia coli selected from recombinant Escherichia coli ~ BL21(DE3),
recombinant FEscherichia coli C41(DE3) and recombinant Escherichia coli

C43(DE3).

The process as claimed. in claim 43 wherein designer cell is preferably recombinant
Escherichia coli C41(DE3). '

A process for the production of optically enriched aliphatic alcohols of formula 5

OH
R
R o3

Rz

Formula 5

wherein R| = CHj3, CH,X, (CHj3),CH, CF;5 or CH3(CHa)n;
R, = H, X or CH;(CHy)y

R3 = alkyl group such as CHj3 or CH3(CHz)pm;

X =ClorBr;

n=1-4 and
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m=1-8;

and the said process comprising the steps of},

50.
51,
52.

53.

a. providing a ketone of formula 3

Formula 3
wherein Ry = CHj;, CH,X, (CH3),CH, CF; or CH3(CHa),;
R; =H, X or CH3(CH3),;
R;= alk};l group such as CHs or CH3(CHa)y,;

X=ClorBr;
n=1-4 and
m=1-8;

b. contacting the ketone of formula 3 as provided in step (a) with designer cell as
claimed in claim 8 and 0.005 to 0.02 mol % nicotinamide adenine dinucleotide
phosphate, reduced (NADPH) and buffer solution of pH 5.0 to 9.0 to form the
reaction mixture;

c. adding to the reaction mixture obtained in step (b) an organic solvent such as
ethyl acetate, butyl acetate, diethylether, methyl n-butyl ether or di-n-butyl ether
in the ratio ranging between 10:1 to 1:1;

d. energetically mixing the reaction mixture on magnetic stirrer at constant
temperature of 20 to 40 °C; ‘

e. extracting the product obtained in step (d) in ethyl acetate followed by isolating
the compound of formula S.

The process as claimed in claim 49 wherein pH is preferably 6.5.

The process as claimed in claim 49 wherein temperature is preferably 30 °C.

The process as claimed in claim 49 wherein organic solvent is preferably di-n-butyl

ether. |

The process as claimed in claim 49 wherein designer cell is a strain of recombinant

Escherichia coli selected from recombinant Escherichia cqli BL21(DE3),

recombinant Escherichia coli  C41(DE3) and recombinant Eschérichia coli

 C43(DE3).

54.

55.

The process as claimed in claim 49 whereih designer cell is preferably recombinant
Escherichia coli C41 (DE3).

A process for production of optically enriched aryl alcohols of formula‘6
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56.
57.
58.

R, OH

Rg Re
R Rs3

R2
Formula 6

wherein R;=R,=R3=R4=Rs=H, CH;, F, Cl, Br, I, CF3, NO, or OCHj3;;
Re= alkyl group such as CH3 or CH3(CH,)y;
n=1to5; |

and the said process comprising the steps of;

a.

providing a ketone of formula 4

R
5 RG
Ry Rs
R
Formula 4

wherein R;=R,=R3=R4=Rs=H, CHj, F, CI, Br, I, CF3, NO, or OCHj;

R¢= alkyl group such as CHj3 or CH3(CH,),;

n=1t05; | |

contacting the ketone of formula 3 as provided in step (a) with designer.cell as
claimed in claim 8 and 0.005 to 0.02 mol % nicotinamide adenine dinucleotide
.phosphaté, reduced (NADPH) and buffer solution of pH 5.0 to 9.0 to form the
reaction mixture;

adding to the reaction mixture obtained in step (b) an organic solvent such as
ethyl acetate, butyl acetate, diethylether, methyl n-butyl ether or di-n-butyl ether
in the ratio ranging between 10:1 to 1:1;

energetically mixing the reaction mixture on magnetic stirrer at constant
temperature of 20 to 40 °C;

extracting the product obtained in step (d) in ethyl acetate followed by isolating

the compound of formula 6.

The process as claimed in claim 55 wherein pH is preferably 6.5.

The process as claimed in claim 55 wherein temperature is preferably 30 °C.

The process as claimed in claim 55 wherein organic solvent is preferably di-n-butyl

_ ether.

59.

The process as claimed in claim 55 wherein designer cell is a strain of recombinant

Escherichia coli selected from recombinant ZEscherichia coli BL21(DE3),

recombinant Escherichia coli C41(DE3) and recombinant Escherichia coli

C43(DE3).

72



10

15

20

25

30

35

WO 2014/170917 PCT/IN2014/000247

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

The process as claimed in claim 55 wherein designermcell is preferably recombinant
Escherichia coli C41 (DE3). |

Designer cells having Accession No. MTCC No.5806, MTCC No. 5807, MTCC No.
5808 and MTCC No. 5809.

The designer cells as claimed in claim 61, wherein the designer cell having Accession
Nos. MTCC 5806-5809 expresses amino acid sequences having SEQ ID No. 1, 3, 5
and 7.

The designer cells as claimed in claims 61-62, wherein the amino acid sequencevs
having SEQ ID Nos. 1, 3, 5 and 7 correspond to nucleotide sequences having SEQ ID
No.2,4,6,8. |
The designer cells as claimed in claims 61-63, wherein the SEQ ID Nos. 1-8, are non-
naturally occurring sequences of carbony reductase enzyme.

The designer cells as claimed in claims 61-64, capable of expressing high activity of
carbonyl reductase on the cell surface. '

A recombinant vector construct comprising and capable of expressing SEQ ID Nos.
1-8. |

The recombinant vector construct as claimed in claim 66, comprising non-naturally
occurring sequences of carbony reductase enzyme.

The recombinant vector construct as claimed in claim 66-67, capable of expressing
high activity of carbonyl reductase on the cell surface.

Designer cells having Accession No. MTCC No.5810, MTCC No. 5811, MTCC No.
5812, MTCC No. 5813; MTCC No. 5814. MTCC No. 5815, MTCC No. 5816 and
MTCC No. 5817. |

The designer cells as claimed in claim 69, wherein designer cells having accession no.
having MTCC No.5810 expressig amino ‘acid sequences having SEQ ID NO. 1 and
SEQ ID NO.9; wherein designer cells having accession no. having MTCC No.5811
expressig amino acid sequences having SEQ ID NO. 1 and SEQ ID NO.11; wherein
designer cells having accession no. having MTCC No.5812 expressig amino acid
éequences having SEQ ID NO. 3 and SEQ ID NO. 9; wherein designer cells having
accession no. having MTCC No.5813 expressig amino acid sequences having SEQ ID
NO. 3 and SEQ ID NO.11; wherein designer cells having accession no. having
MTCC No.5814 expressig amino acid sequences having SEQ ID NO. 5 and SEQ ID
NO.9; whérein designer cells having accession no. having MTCC No.5815 expressig
amino acid sequences having SEQ ID NO. 5 and SEQ ID NO.11; wherein designer

cells having accession no. having MTCC No.5816 expressig amino acid sequences
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71.

72.

73.

74.

having SEQ ID NO. 7 and SEQ ID NO.9; wherein desigﬁer cells having accession no.
having MTCC No.5817 expressig amino acid sequences having SEQ ID NO. 7 and
SEQ ID NO.11.

The designer cells as claimed in claims 69-70, wherein the amino acid sequences
having SEQ ID Nos. 1, 3, 5, 7, 9 and 11 correspond to nucleotide sequences having
SEQID Nos. 2, 4,6, 8, 10 and 12, |

The designer cells as claimed in claims 65-67, capable of co-expressing enzyme
c'arbonyl'reductase and gluconase dehydrogenase together on cell surface.

A recombinant vector comprising and capable of expressing sequences as claimed in
claim 71.

The recombinant vector as claimed in claim 73, capable of cb-expressing enzyme

carbonyl reductase and gluconase dehydrogenase together on cell surface.
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