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(57) ABSTRACT

The present invention discloses a two-step enzyme method
for preparing 7-aminocephalosporanic acid from cepha-
losporin C, wherein D-amino acid oxidase used is purified
D-amino acid oxidase mutant of yeast Trigonopsis variabilis,
having a specific activity of 105% higher than that of parent
D-amino acid oxidase. The method has no need of addition of
hydrogen peroxide, -lactamase inhibitor, catalase inhibitor,
catalase and the like commonly used in the prior art. The
productivity of the method can reach more than 93%. Thus,
the method is simple, low in cost and high in productivity.
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Fig. 1 the reaction flow chart of conventional conversion of CPC to 7-ACA.
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Fig. 2 expression vector pHS-GHA,

lac promoter
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Fig. 4 expression vector pRSET-lac-GI-hok/sok-kan,

lac promoter
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Fig. 6 the HPLC chromatogram of the conversion of CPC to glutaryl-7-ACA by D-amino
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Fig. 8 the HPLC chromatogram of the conversion of glutaryl-7-ACA to 7-ACA by

glutaryl-7-ACA acylase of Pseudomonas sp. SE83.
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Fig. 9 the HPLC chromatogram of the conversion of CPC to 7-ACA by the two-step

enzyme method,
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TWO-STEP ENZYME METHOD FOR
PREPARING 7-AMINOCEPHALOSPORANIC
ACID

RELATED APPLICATIONS

This application is the U.S. National Phase under35U.S.C.
§371 of International Application No. PCT/CN2006/001940,
filed on Aug. 2, 2006 which in turn claims the benefit of
Chinese Application No. CN 2005100899653, filed on Aug.
8, 2003, the disclosures of which Applications are incorpo-
rated by reference herein.

SEQUENCE LISTING

The Sequence listing in “SEQUENCE LISTING.TXT”
created on Mar. 16, 2011, being 33.1 KB in size is incorpo-
rated by reference.

FIELD OF THE INVENTION

The present invention relates to biotechnology, and more
specifically, relates to a two-step enzyme method for prepar-
ing 7-aminocephalosporanic acid.

BACKGROUND OF THE INVENTION

The core of many semi-synthetic cephalosporins, 7-ami-
nocephalosporanic acid (7-ACA), can be manufactured
chemically from cephalosporin C(CPC). The chemical pro-
cess uses many chemical reagents that are highly toxic and
heavily pollute the environment and is low in conversion rate
and high in cost. Enzyme methods offer attractive alternative
for production of fine chemicals without using toxic reagents
and are high in conversion rate. The bioconversion of CPC to
7-ACA is conducted in two steps (FIG. 1) (1) CPC is first
oxidized by D-amino acid oxidase to glutaryl-7-ACA; (2)
glutaryl-7-ACA is in turn converted to 7-ACA by glutaryl-7-
ACA acylase.

One of the major obstacles for large scale production of
7-ACA is the low yield and high cost of production of
D-amino acid oxidase and glutaryl-7-ACA acylase. Current
reports on the production level of D-amino acid oxidase is
low, about 2,300 U/L fermentation medium (Pollegioni, L. et
al., 1997, J. Biotechnol. 58, 115-123) and 800 U/L fermenta-
tion medium (Molla, G. et al., 1998, Protein Exp. Purif. 14,
289-294). The production level of glutaryl-7-ACA acylase
production level is also low, about 129-2,500 U/L fermenta-
tion medium (Ishiye, M. and Niwa, M., 1992, Biochim. Bio-
phys. Acta 1132, 233-239; Yang, Y. L. et al, 2001,
CN1301813A; Xu, G. and Zhu, M. 2003, CN1428424A).
Therefore, it is critical to produce these two enzymes for
industrial production of 7-ACA at low cost.

Another obstacle for large scale production of 7-ACA
resides in that existing manufacturing procedures are com-
plex and expensive. For exanple, the procedures of related
products by Roche Diagnostics (CC2 Twin Enzyme Process:
D-AOD, product number: 1462865; GI-Ac, product number:
1464213, Roche Diagnostics) are complicated (FIG. 1).
Besides the reactions catalyzed by D-amino acid oxidase and
glutaryl-7-ACA acylase, extra steps are needed: (1) due to the
impurity of the D-amino acid oxidase used, a high proportion
of a-ketoadipyl-7-ACA is not converted to glutaryl-7-ACA
after the oxidation, thus an exogenous addition of hydrogen
peroxide is required to complete the conversion; and (2) exog-
enous addition of catalase is required to degrade remaining
hydrogen peroxide, for hydrogen peroxide can inactivate
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D-amino acid oxidase and oxidize CPC and glutaryl-7-ACA,
thus reducing the final yield of 7-ACA.

Inaddition, a method to prepare 7-ACA has been published
in CN1104255. In that method, since the expression vector
used contained ampicillin resistance gene, the fermentation
product contains [-lactamase, which significantly reduces
the yield of 7-ACA and f-lactamase inhibitor is therefore
required in the process. Furthermore, the host cell employed
in that method produces catalase, which degrades hydrogen
peroxide, therefore exogenous additions of hydrogen perox-
ide and catalase inhibitor are required. Consequently, the
manufacturing procedures are complex and highly cost.

SUMMARY OF THE INVENTION

The object of the invention is to provide a simple, inexpen-
sive and high yield two-step enzyme method for the prepara-
tion of 7-ACA.

To achieve the above object, the invention provides a
method to prepare 7-ACA from CPC, which comprises oxi-
dation of CPC to glutaryl-7-ACA by D-amino acid oxidase
(first step reaction) and conversion of glutaryl-7-ACA to
7-ACA by glutaryl-7-ACA acylase (second step reaction).
More specifically, said D-amino acid oxidase is a purified
D-amino acid oxidase, with the amino acid sequence of
Trigonopsis variabilis D-amino acid oxidase mutant as in
Sequence 2 (SEQ ID NO. 2).

Preferably, said first step reaction does not require addition
of hydrogen peroxide, more preferably, said D-amino acid
oxidaseis expressed by the expression vector pHS-GHA with
the DNA sequence as in Sequence 3 (SEQ ID NO: 3). The
sequential purification of D-amino acid oxidase comprises
DEAE-cellulose ion exchange chromatography and ammo-
nium sulphate precipitation. More preferably, in said first step
and second step reactions, there is no addition of p-lactamase
inhibitors selected from ascorbic acid, 3-amino-1,2,3-triaz-
ole, sodium perborate, and sodium azide; in said first step
reaction, there is no addition of catalase inhibitors selected
from sodium sulbactam, clavulanic acid, boric acid and their
derivatives; in said second step reaction, there is no addition
of catalase.

Preferably, said D-amino acid oxidase is immobilized, or
said glutaryl-7-ACA acylase is immobilized, or both said
D-amino acid oxidase and glutaryl-7-ACA acylase areimmo-
bilized.

More preferably, said glutaryl-7-ACA acylase is glutaryl-
7-ACA acylase of Pseudomonas sp. SE83, said glutaryl-7-
ACA acylase of Pseudomonas sp. SE83 is expressed by the
expression vector pT7-kan-ACY with the DNA sequence as
in Sequence 4 (SEQ ID NO: 4).

The merits of the invention comprise: (1) the purified
D-amino acid oxidase mutant, with the amino acid sequence
as in Sequence 2 (SEQ ID NO: 2) in the invention, possesses
a specific activity of 105% higher than that of parent D-amino
acid oxidase; (2) the fermentation products of the expression
vectors pHS-GHA and pT7-kan-ACY of the invention do not
contain f-lactamase, therefore no need to add exogenous
[-lactamase inhibitor, which saves production cost and sim-
plifies the manufacturing procedures; (3) the D-amino acid
oxidase produced from the invention contains little or no
catalase and therefore there is no need to add exogenous
catalase inhibitor; the level of a-ketoadipyl-7-ACA is low
and therefore there is no need to add exogenous hydrogen
peroxide and catalase, which also reduces production cost
and simplifies the manufacturing procedures; (4) the molar
conversion rate of the two-step enzyme method in the inven-
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tion can reach 93% or above, about 12% higher than that of
the products of Roche Diagnostics (molar conversion rate is
about 82%).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the reaction flow chart of current procedure
of conversion of CPC to 7-ACA.

FIG. 2 shows expression vector pHS-GHA.
FIG. 3 shows expression vector pT7-kan-ACY.

FIG. 4 shows expression vector pRSET-lac-GI-hok/sok-
kan.

FIG. 5 shows SDS-PAGE of D-amino acid oxidase GHA.
Lane 1: BenchMark™ Pre-Stained Protein Ladder (Invitro-
gen), sizes of the proteins are in kDa; lane 2: partially purified
D-amino acid oxidase GHA; lane 3: purified D-amino acid
oxidase GHA.

FIG. 6 shows the HPLC chromatogram of the conversion
of CPC to glutaryl-7-ACA by D-amino acid oxidase GHA.

FIG. 7 shows SDS-PAGE of glutaryl-7-ACA acylase of
Pseudomonas sp. SE83. Lane 1: BenchMark™ Pre-Stained
Protein Ladder (Invitrogen), sizes of the proteins are in kDa;
lane 2: partially purified glutaryl-7-ACA acylase of
Pseudomonas sp. SE83.

FIG. 8 shows the HPLC chromatogram of the conversion
of glutaryl-7-ACA to 7-ACA by glutaryl-7-ACA acylase of
Pseudomonas sp. SE83.

FIG. 9 shows the HPLC chromatogram of the conversion
of CPC to 7-ACA by the two-step enzyme method.

EXAMPLE 1

Construction of Expression Vector pRSET-kan

The following primers were synthesized based on the
sequence of pRSET-A (purchased from Invitrogen):

VET-F
(SEQ ID NO:
5'-CTGTCAGACCAAGTTTACTCATATATACTTTAG-3!

8)

VET-R
(SEQ ID NO:
5'-ACTCTTCCTTTTTCAATATTATTGRAGC-3"

9)

The following primers were synthesized based on the
sequence of pET-28b (purchased from Novagen):

KAN-F

(SEQ ID NO: 10)
5'-ATGAGCCATATTCAACGGGAAAC-3!
KAN-R

(SEQ ID NO: 11)

5'-TTAGAAAAACTCATCGAGCATCARATG-3!

PCR mixture for amplifying pRSET-A fragment devoid of
ampicillin resistance gene contained: 50 ng pRSET-A (Invit-
rogen), 0.4 uM VET-F, 0.4 uM VET-R, 50 uM dATP, 50 uM
dTTP, 50 uM dCTP, 50 uM dGTP, 20 mM Tris-HCI (pHS.8),
10mM KCl, 10 mM (NH,),30,, 2 mM MgS0,, 0.1% Triton
X-100, 2.5 U Pfu DNA polymerase (Promega). The volume
of the mixture was made up to 50 ul, with sterile deionized
water.
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4
PCR profile was as follows:

94° C., 1 min 35 cycles
94°C.,5min — 50°C,lmin — — — — — 72°C,10min

72°C., 4 min

PCR mixture for amplifying kanamycin resistance gene
from plasmid pET-28b contained: 50 ng pET-28b (Novagen),
0.4 pM KAN-F, 0.4 pM KAN-R, 50 uM dATP, 50 uM dTTP,
50 uM dCTP, 50 uM dGTP, 20 mM Tris-HCI (pH8.8), 10 mM
KCI, 10 mM (NH,),SO,, 2 mM MgSO,, 0.1% Triton X-100,
2.5 U Pfu DNA polymerase (Promega). The volume of the
mixture was made up to 50 plL with sterile deionized water.

PCR profile was as follows:

94° C., 1 min 35 cycles
94°C.,5min — 50°C,Ilmin - — — — — 72°C,10min

72° C., 4 min

The two PCR products (pRSET-A fragment devoid of
ampicillin resistance gene, 2,036 bp in size; kanamycin resis-
tance gene, 816 bp in size) were resolved in 0.8% agarose,
purified and ligated to generate plasmid pRSET-kan. The
plasmid was used to transform competent . coli BL21(DE3)
pLysS (Novagen), spread onto LB (1% sodium chloride, 1%
peptone, 0.5% yeast extract) agar containing 50 pg/ml kana-
mycin and incubated at 37° C. overnight. Plasmid was
extracted in accordance with Molecular Cloning—A Labo-
ratory Manual (Sambrook, J. et al., 1989, CSHL Press).

EXAMPLE 2

Construction of Vector pRSET-lac-kan

The following primers were synthesized based on the
sequence of pGEMT-Easy (Promega):

RBS-Ndel
(SEQ ID NO: 12}
(NdeI restriction site is underlined and ribosome

binding site is marked by broken underline);

RBS-2A1wNI
(SEQ ID NO: 13}
5' -CAGTGGCTGCTGCCAGTGGCGATAAGTC-3"

(A1wNI restriction site is underlined).

PCR was performed using pGEMT-Easy (Promega) as
template to generate a 755 bp PCR product. PCR mixture
contained 50 ng pGEMT-Easy (Promega), 0.4 pM RBS-
Ndel, 0.4 uM RBS-AIwWNIL, 50 uM dATP, 50 uM dTTP, 50 uM
dCTP, 50 uM dGTP, 20 mM Tris-HCI (pH8.8), 10 mM KCl,
10mM (NH,),50,, 2 mM MgSQ,, 0.1% Triton X-100,2.5U
Pfu DNA polymerase (Promega). The volume of the mixture
was made up to 50 uL with sterile deionized water.
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PCR profile was as follows:

94° C., 1 min 35 cycles
94°C,5min — 50°C.,lmin - — — — — 72°C,10min

72°C., 4min

The PCR product (755 bp) contains Ndel restriction site
and ribosome binding site at the 5' end and AlwNI restriction
site at the 3' end. The PCR product was resolved in 0.8%
agarose, purified and digested by Ndel and AlwNI and then
ligated with Ndel/AIwNTI restricted pRSETA (Invitrogen) to
generate pRSET-lac. The plasmid was used to transform com-
petent E. coli BL21(DE3)pLysS (Novagen), spread onto LB
(1% sodium chloride, 1% peptone. 0.5% yeast extract) agar
containing 100 pg/ml. ampicillin and incubated at 37° C.
overnight. Plasmid was extracted in accordance with Molecu-
lar Cloning—A Laboratory Manual (Sambrook, J. et al.,
1989, CSHL Press).

Vectors pRSET-lac and pRSET-kan were cut with AlwNI
and EcoRI and resolved in 0.8% agarose, purified and ligated,
generating pRSET-lac-kan. The plasmid was used to trans-
form competent £. coli BL21(DE3)pLysS (Novagen), spread
onto LB agar containing 50 ng/ml. kanamycin and incubated
at37° C. overnight. Plasmid was extracted in accordance with
Molecular Cloning—A Laboratory Manual (Sambrook, J. et
al., 1989, CSHL Press).

EXAMPLE 3
Construction of Vector pGEMT-Easy-GI

The following primers were synthesized based on the
sequence of known Thermoanaerobacterium saccharolyti-
cum glucose isomerase gene (GenBank 1.09699).

GI-Ndel

(SEQ ID NO:
5'-CATATGAATAAATATTTTGAGAACGTATCTAAAATA-3!
(Ndel restriction site is underlined);

14)

GI-EcoRI

{SEQ ID NO:
5'-GATATCTTAAGGCGCGCCTTATTCTGCAAAC-3!
(EcoRI restriction site is underlined and AscI
restriction site is double underlined) .

15)

PCR was performed using Thermoanaerobacterium sac-
charolyticum (purchased from ATCC, USA) DNA as tem-
plate to generate a 1,336 bp PCR product. PCR mixture
contained 50 ng 7. saccharolyticum DNA, 0.4 pM GI-Ndel,
0.4 uM GI-EcoRI, 50 uM dATP, 50 uM dTTP, 50 uM dCTP,
50 uM dGTP, 20 mM Tris-HCI (pH8.8), 10 mM KCl, 10 mM
(NH,),SO,, 2 mM MgSO,, 0.1% Triton X-100, 2.5 U Plati-
num Taq High Fidelity DNA polymerase (Invitrogen). The
volume of the mixture was made up to 50 ul. with sterile
deionized water.

PCR profile was as follows:

94° C., 1 min 35 cycles
95°C,5min — 50°C,lmin — — — — — 72°C,10min

72°C., 3min

The PCR product (1,336 bp) contains Ndel restriction site
at the 5" end and EcoRI restriction site at the 3' end. The PCR
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6

product was resolved in 0.8% agarose, purified and ligated to
pGEMT-Easy (Promega) by TA cloning, generating pPGEMT-
Easy-GI. The plasmid was used to transform competent E.
coli DH5a (Invitrogen), spread onto LB agar containing 100
ug/ml ampicillin and incubated at 37° C. overnight. Plasmid
was extracted in accordance with Molecular Cloning—A
Laboratory Manual (Sambrook, J. et al., 1989, CSHL Press).

EXAMPLE 4

Construction of Vector pRSET-lac-GI-hok/sok-kan
(FIG. 4)

Vector pGEMT-Easy-GI was cut by Ndel and EcoRI and
resolved in 0.8% agarose, purified and ligated to Ndel/EcoRI-
digested pRSET-lac-kan, generating pRSET-lac-GI-kan. The
plasmid was used to transform competent E. coli BL21(DE3)
pLysS (Novagen), spread onto LB agar containing 50 pg/mL
kanamycin and incubated at 37° C. overnight.

Plasmid was extracted in accordance with Molecular Clon-
ing—A Laboratory Manual (Sambrook, J. etal., 1989, CSHL
Press).

Ten primers (SEQ ID NOS. 16-25) were synthesized based
on known hok/sok gene sequence (GenBank X05813) (Table
1). PCR gene assembly was performed as described by Kiku-
chi, M. et al., 1999, Gene 236:159-167, with modifications.
PCR mixture contained 20 ng each primer, 50 pM dATP, 50
uM dTTP, 50 uM dCTP, 50 uM dGTP, 20 mM Tris-HCl
(pH8.8), 10 mM KCl, 10 mM (NH,),SO,, 2 mM MgSO,,
0.1% Triton X-100, 2.5 U Pfu DNA polymerase (Promega).
The volume of the mixture was made up to 50 uL. with sterile
deionized water.

PCR profile was as follows:

94 C., 1.5 min 30 cycles

95°C.,4min — 50°C,l5min - — — — — 72°C,10min

72°C., 5 min

The PCR product (580 bp) contains Ascl restriction site at
the 5' end and EcoRI restriction site at the 3' end. The PCR
product was resolved in 0.8% agarose, cut with Ascl and
EcoRI and ligated to Ascl/EcoRI-digested pRSET-lac-GI-
kan, generating pRSET-lac-GI-hok/sok-kan. The plasmid
was used to transform competent £. coli BL21(DE3)pLysS
(Novagen), spread onto LB agar containing 50 pg/ml. kana-
mycin and incubated at 37° C. overnight. Plasmid was
extracted in accordance with Molecular Cloning—A Labo-
ratory Manual (Sambrook, J. et al., 1989, CSHL Press) and
sequenced as in Sequence 3 (SEQ ID NO. 3) in the Sequence
Listing. Nucleotide variations were observed in some nucle-
otides: 1368 (C—G); 1513 (missed a T); 1804(A—T); 1826
(C—T); 2479(G—=T); 2555(T—=A); 3860(C—T).

TABLE 1

Number Primer sequence

1 5'-ttggcgcegecttaagatatcaacaaac(SEQ ID NO: 16)
tccgggaggcagegtgatgeggcaacaatce
acacggatttccegtgaa-3'

2 5'-catatacctgcacgctgaccacactca(SEQ ID NO: 17)

ctttecectgaaaataateccegetcecattecaga
ccgtteacgggaaatecgtgtga-3!
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TABLE 1-continued

Number Primer sequence

3 5'-ggtcagcgtgcaggtatatgggctatg(SEQ NO: 18)
atgtgcccggegettgaggetttetgecte
atgacgtgaaggtggtttgttge-3!

4 5'-cgtggtggttaatgaaaattaacttac(SEQ NO: 19)
tacggggctatcettetttetgecacacaac
acggcaacaaaccaccttcacgt-3!

5 G'-aattttcattaaccaccacgaggcate(SEQ NO: 20)
cctatgtctagtecacatcaggatagecte
ttaccgecgetttgegcaaggaga-3'!

6 5'-tgagacacacgatcaacacacaccaga(SEQ No: 21)

caagggaacttcgtggtagtttcatggect

tcttetecttgegecaaagegegg-3!

7 5'-tgtgttgatcgtgtgtctcacactgtt (SEQ
gatattcacttatetgacacgaaaateget
gtgcgagattcgttacagagacg-3'

NO: 22)

8 5'-cgcctecaggttgcetacttacceggatt (SEQ NO: 23)
cgtaagecatgaaagecgecaccteactgt
gtccgtcetetgtaacgaateteg-3!

9 G5'-taagtagcaacctggaggegggegeag(SEQ NO: 24)
gcccgecttttecaggactgatgetggtety
actactgaagcgcctttataaag-3'

10 5'-cggaattcacaacatcagcaaggagaa (SEQ NO: 25)

aggggctaccggcgaaccagcagececttt

ataaaggcgettcagt-3!

EXAMPLE 5

Construction of Vector pRSET-A-DAO with
Recombinant D-Amino Acid Oxidase

Primers were synthesized based on published Trigonopsis
variabilis D-amino acid oxidase gene (Gonzalez, F. J., Mon-
tes, J., Martin, F., Lopez, M. C., Ferminan, E., Catalan, J.,
Galan, M. A., Dominguez, A. Molecular cloning of TvDAO1,
a gene encoding a D-amino acid oxidase from Trigonopsis
variabilis and its expression in Saccharomyces cerevisiae and
Kluyveromyces lactis. Yeast 13:1399-1408, 1997).

5'-Ndel (incorporation of Ndel restriction site)

{SEQ ID NO: 26)
5'-TAGGGCTGACATATGGCTAARATCGTTGTTATTGGTGC-3 "

3'-BglII (incorporation of BglII restriction site)

{SEQ ID NO: 27)
5' - TAGGGCTGAAGATCTCTAAAGGTT TGGACGAGTAAGAGC- 3!

T variabilis D-amino acid oxidase gene was synthesized
using the above primers, Pfu DNA polymerase (Promega)
and plasmid pJL (Yang, Y. L. et al. CN1371999A) as tem-
plate. Plasmid pJL contains 7. variabilis FA10 D-amino acid
oxidase gene (Li, W. et al.,, Acta Microbiologica Sinica
31:251-253, 1991). PCR mixture contained 40 ng pJL, 0.4
UM 5'-Ndel, 0.4 pM 3-Bglll, 50 uM dATP, 50 uM dTTP, 50
uM dCTP, 50 uM dGTP, 20 mM Tris-HCI (pH8.8), 10 mM
KCl, 10 mM (NH,),S0,, 2 mM MgSQ,, 0.1% Triton X-100,
2.5 U Pfu DNA polymerase. The volume of the mixture was
made up to 50 pLL with sterile deionized water.
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PCR profile was as follows:

94¢ C., 1 min 10 cycles
94°C.,5min — 50°C,1lmin - — — — —

72° C., 2 min
94¢ C., 1 min 25 cycles

60°C,1min — — —— — 72°C,10 min

72¢C., 2 min

The PCR product (1,098 bp) contains Ndel restriction site
at the 5' end and Bglll restriction site at the 3' end. The PCR
product was resolved in 1% agarose, purified and digested by
Ndel and Bglll and then ligated with 2.9 kb Ndel/BglIl
restricted pRSET-A (lavitrogen), generating pRSET-A-
DAO. The plasmid was used to transform competent E. coli
BL21(DE3)pLysS (Novagen), spread onto LB agar contain-
ing ampicillin and incubated at 37° C. overnight. Plasmid was
extracted in accordance with Molecular Cloning—A Labo-
ratory Manual (Sambrook, J. et al., 1989, CSHL Press) and
sequenced. The DNA fragment was confirmed as 7. variabilis
D-amino acid oxidase gene as Sequence 5 (SEQ ID NO. 5)
and the translated amino acid sequence as Sequence 6 (SEQ
ID NO: 6).

EXAMPLE 6

Construction of Expression Vector with
Recombinant D-Amino Acid Oxidase GHA

Recombinant D-amino acid oxidase GHA was constructed
by site-directed mutagenesis, which was based on the proce-
dures in PCR Protocols (Ed. John M. S. Bartlett and David
Stirling, Totowa, N.J.: Humana Press, 2003).

Primers were synthesized in accordance with the sequence
of cloned T’ variabilis D-amino acid oxidase (Sequence 5,
(SEQID NQ: 5)):

Primer A

(SEQ ID NO: 28)
5' - TAGGGCTGACATATGGCTAARATCGTTGTTATTG- 3"
Primer B

(SEQ ID NO: 29)
5' - TAGGGCTGAAGATCTCTARAGGTTTGGACGAG-3"
Primer C1

(SEQ ID NO: 30)
5' -GCAGGTGCCAACTGGCTCCCGTTTTACGATGGAGGCARG-3 !
Primer D

(SEQ ID NO: 31)

5'-GAGCCAGTTGGCACCTGCCCAAGG-3"!

Primers A and B are a pair of outer primer. Primer A
contains Ndel restriction site, with a portion of nucleotides
overlapped with the 5'-end of the D-amino acid oxidase gene;
primer B contains Bglll restriction site, with a portion of
nucleotides overlapped with the 3'-end of the D-amino acid
oxidase gene. Primers C1 and D are inner primers. Primer C1
converts the 53rd amino acid residue of wild-type D-amino
acid oxidase from threonine (Thr) to proline (Pro). Primer D
contains a portion of nucleotides overlapped with primer C1.

PCR was performed, using pRSET-A-DAO as template, to
synthesize fragment 1 (primers A and D) and fragment 2
(primers B and C1). PCR mixture contained: 20 ng pRSET-
A-DAO, 20 mM Tris-HCI (pHS8.8), 10 mM KCl, 10 mM
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(NH,),SO,, 2 mM MgSO,, 0.1% Triton X-100, 04 uM
primer A and 0.4 uM primer D (for synthesizing fragment 1)
or 0.4 uM primer B and 0.4 uM primer C1 (for synthesizing
fragment 2), 50 pM dATP, 50 uM dTTP, 50 uM dCTP, 50 uM
dGTP, 1.5 U Pfu DNA polymerase. The volume of the mix-
ture was made up to 504 with sterile deionized water.

PCR profile was as follows:

94° C., 1 min 30 cycles
94°C,2min — 53°C,lmin — — — — — 72°C.,10min

72°C., 1 min

The amplified fragment 1 and fragment 2 were resolved in
and purified from 1% agarose, and used to generate full-
length D-amino acid oxidase GHA gene. PCR mixture for
synthesizing the full-length gene contained: 20 ng fragment
1, 20 ng fragment 2, 20 mM Tris-HCI (pH8.8), 10 mM KCl,
10 mM (NH,),SO,, 2 mM MgSO., 0.1% Triton X-100, 0.4
uM primer A and 0.4 uM primer B, 50 uM dATP, 50 pYM dTTP,
50 uM dCTP, 50 uM dGTP, 1.5 U Pfu DNA polymerase. The
volume of the mixture was made up to 50 pL, with sterile
deionized water.

PCR profile was as follows:

94° C., 1 min 35 cycles
94°C,2min — 53°C,lmin - — — — — 72°C,10min

72°C., 2 min

The full-length recombinant D-amino acid oxidase GHA
gene fragment was obtained, cut with Ndel and Bglll and
ligated with pRSET-kan, generating pRSET-kan-DAOGHA.
The plasmid was used to transform competent . coli BL21
(DE3)pLysS, spread onto LB agar containing kanamycin and
incubated at 37° C. overnight. Plasmid was extracted, and the
insert was sequenced and confirmed as D-amino acid oxidase
mutant GHA as Sequence 1 (SEQ ID NO: 1) and the trans-
lated amino acid sequence as Sequence 2 (SEQ ID NO: 2).

EXAMPLE 7
Construction of Vector pHS-GHA (FIG. 2)

Vector pRSET-kan-DAOGHA was cut by Ndel and BgllI
to release a DNA fragment (1,074 bp, containing D-amino
acid oxidase GHA) and resolved in 0.8% agarose, purified
and ligated to the large fragment of Ndel/Bglll-digested
pRSET-lac-GI-hok/sok-kan, generating pHS-GHA. The
plasmid was used to transform competent £. coli BL21(DE3)
pLysS (Novagen), generating clone BL-HS-GHA, spread
onto LB agar containing 50 ug/ml kanamycin and incubated
at37° C. overnight. Plasmid was extracted in accordance with
Molecular Cloning—A Laboratory Manual (Sambrook, J. et
al., 1989, CSHL Press) and sequenced (Sequence 3, (SEQ ID
NO: 3)). Nucleotide variations were observed in some nucle-
otides: 1390 (C—G); 1535 (missed a T); 1826(A—T); 1848
(C—=T); 2501(G—=T); 2577(T—=A); 3882(C—T).

EXAMPLE 8
Construction of Vector pT7-kan-ACY (FIG. 3)

The following primers were synthesized based on the
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Pseudomonas sp. SE83 (Matsuda, A. etal., 1987, J. Bacteriol.
169, 5821-5826).
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NdeI-ACY

(SEQ ID NO:
5'-CATATGAACGCTCCCGTCCCCGTCCC-3!
(Ndel restriction site is underlined);

32)

BglII-ACY

(SEQ ID NO:
5'-AGATCTTCAGATGGTGAAGCGGGCAC-3!
(BglII restriction site is underlined).

33)

PCR was performed using Pseudomonas sp. SE83 DNA as
template to generate a 1,676 bp PCR product. PCR mixture
contained 50 ng Pseudomonas sp. SE83 DNA, 0.4 M Ndel-
ACY, 0.4 uM BglII-ACY, 50 pM dATP, 50 uM dTTP, 50 pM
dCTP, 50 uM dGTP, 20 mM Tris-HCI (pH8.8), 10 mM KCl,
10 mM (NH,,),S0,, 2 mM MgSO,, 0.1% Triton X-100,2.5U
Pfu DNA polymerase (Promega). The volume of the mixture
was made up to 50 puL with sterile deionized water.

PCR profile was as follows:

94> C., 1 min 35 cycles
94°C,5min — 50°C,lmin - — — — — 72°C,10min

72°C., 3 min

The PCR product (1,676 bp) contains Ndel restriction site
at the 5' end and Bglll restriction site at the 3' end. The PCR
product was resolved in 0.8% agarose, cut with Ndel and
Bglll and ligated to Ndel/BgllI-digested pRSET-kan, gener-
ating pT7-kan-ACY. The plasmid was used to transform com-
petent E. coli BL21(DE3)pLysS (Novagen), generating clone
BL-T7K-ACY, spread onto LB agar containing 50 pg/mL
kanamycin and incubated at 37° C. overnight. Plasmid was
extracted in accordance with Molecular Cloning—A Labo-
ratory Manual (Sambrook, J. et al., 1989, CSHL Press) and
sequenced (Sequence 4, (SEQ ID NO: 4)). Nucleotide varia-
tions were observed in four nucleotides: 2260 (G—T); 2336
(T—=A); 3641(C—T); 4117(G—C).

EXAMPLE 9

Medium and Fermentation of D-Amino Acid
Oxidase GHA

A single colony of clone BL-HS-GHA (Example 7) was
picked from LB agar containing 50 pg/ml kanamycin and
grown in 2x5 mL LB medium containing 50 ug/ml kanamy-
cinat37° C. for 8 hours (shaker at 250 rpm). The culture was
then inoculated to 2x50 mL seed medium containing 100
ng/ml kanamycin and 40 pg/ml. chloramphenicol, incubated
at 30° C. for 16 hours (shaker at 400 rpm).

Preparation of Corn Steep Liquor 1:

Dissolved 300 g corn steep liquor (purchased from North
China Pharmaceutical Kangxin Co., Ltd.) in 300 mL distilled
water and then centrifuged (5,000 g, 8 min.) to harvest the
supernatant as corn steep liquor 1. The pellet was kept for
later use.

Preparation of Corn Steep Liquor 2:

Dissolved the above mentioned pellet in 600 mL distilled
water and then centrifuged (5,000 g, 8 min.) to harvest the
supernatant as corn steep liquor 2.

A 50 mL seed medium contained:

Corn steep liquor 1 4 mL
Corn steep liquor 2 4 mL
Yeast extract 02¢g
Ammonium sulphate 0.075 g



US 8,003,358 B2

-continued
Disodium hydrogen phosphate 023 g
Potassium dihydrogen phosphate 0.04 g
Sodium chloride 0.075 g

They were dissolved in 50 mL distilled water and adjusted
to pH 7.15 by 10N sodium hydroxide and sterilized by auto-
claving.

After overnight incubation, the total 100 mL seed culture
was inoculated to a 2 L fermentor (BIOENGINEERING,
Benchtop Fermentor, KLF2000) containing 50 pg/ml. kana-
myein.

2 L Fermentation Medium Contained:

Corn steep liquor 1 160 mL
Corn steep liquor 2 160 mL
Yeast extract 8 g
Ammonium sulphate 3g
Disodium hydrogen phosphate 10g
Potassium dihydrogen phosphate lg
Sodium chloride 3g

They were dissolved in 1.9 L distilled water and adjusted to
pH 7.15 by 10N sodium hydroxide and sterilized by autoclav-
ing in the 2 L fermentor (BIOENGINEERING, Benchtop
Fermentor, KLF2000).

12.5 g glucose was dissolved in 50 mL distilled water,
sterilized by autoclaving; 1.25 g magnesium sulphate was
dissolved in 50 mL distilled water, sterilized by autoclaving.
The sterilized glucose and magnesium sulphate were added to
the 2 L fermentor prior to fermentation.

Preparation of Feed:

Corn steep liquor 1 (250 mL) and corn steep liquor 2 (250
mL) were mixed and adjusted to pH 7.25 by 10N sodium
hydroxide and sterilized by autoclaving.

2.25 g ammonium sulphate, 7.56 g disodium hydrogen
phosphate, 1.2 g potassium dihydrogen phosphate, 2.25 g
sodium chloride was dissolved in 60 mL distilled water and
sterilized by autoclaving.

15 g yeast extract was dissolved in 100 mL distilled water
and sterilized by autoclaving. 70 g glucose was dissolved in
140 mL distilled water and sterilized by autoclaving.

30 mL glycerol was mixed with 10 mL distilled water and
sterilized by autoclaving. 20 g magnesium sulphate was dis-
solved in 30 mL distilled water and sterilized by autoclaving.

All solutions were mixed and kanamycin was added to final
concentration of 50 ug/ml, 2 mL antifoam was added.

The fermentation was held at 35° C. In the first 6 hours, the
pH value rose from 6.9 to 7.2 and the feed was started (50
mL/hour). The fermentation was proceeded for another 26
hours at controlled conditions (the pH value was maintained
at 7.2 by 5N potassium hydroxide; dissolved oxygen pO, was
not greater than 0.5%).

EXAMPLE 10

Partial Purification of D-Amino Acid Oxidase
Mutant GHA

Fermentation was performed as in Example 9. The cells
were collected by centrifugation at 4° C. (5,000 g, 8 min.),
and supernatant was discarded. The wet weight of cell pellet
was 220 g and it was resuspended in 600 mL sodium phos-
phate buffer (50 mM, pH7.5). The cells were lysed by grind-
ing in a dynomill (DYNO-MILL TYP KDL, 0.2 mm glass

10

15

20

25

30

35

40

45

50

55

60

65

12

beads, WA Bachofen). Cell suspension was injected into
dynomill at 50 ml/min. and washed by 800 mL sodium
phosphate buffer (50 mM, pH7.5). The cell lysate was heat
treated at 55° C. for 30 min. in a water bath, and centrifuged
(10,000 g, 30 min.). Supernatant was partial purified D-amino
acid oxidase mutant GHA. The purity and concentration of
the target protein was analyzed by SDS-PAGE (FIG. 5). As
shown in the figure, partial purified D-amino acid oxidase
mutant GHA constituted about 40% of the total soluble pro-
tein.

EXAMPLE 11
Purification of D-Amino Acid Mutant GHA

Partial purified D-amino acid oxidase mutant GHA was
prepared as in Example 10 and glycerol was added to final
concentration of 10% and the pH value was adjusted to 8 by
5N sodium hydroxide. The mixture was centrifuged (13,000
2, 30 min.) and the supernatant was collected. DEAE-cellu-
lose ion exchange resin (Sigma, D-0909) was prepared in
accordance with the manufacturer’s instructions. The partial
purified D-amino acid oxidase mutant GHA was mixed with
DEAE-celluloseion exchange resin at a ratio of 1 mL (GHA):
0.5 mL (resin) and stirred at 4° C. for 5 hours (100 rpm) and
then filtered (Buchner filter funnel, 120 mm P1). The DEAE-
cellulose ion exchange resin was washed by 40 mM sodium
dihydrogen phosphate (with 10% glycerol) by three bed vol-
umes, followed by 400 mM sodium dihydrogen phosphate by
two bed volumes to elute D-amino acid oxidase mutant GHA.
Ammonium sulphate was added (262 g/, eluted D-amino
acid oxidase mutant GHA), stirred at room temperature for 15
min. and then centrifuged (13,000 g, 15 min.). Supernatant
was discarded and the protein pellet was dissolved in 10 mM
sodium dihydrogen phosphate (pH7.5). The purity and level
of the target protein was analyzed by SDS-PAGE (FIG. 5). As
shown in the figure, partial purified D-amino acid oxidase
mutant GHA constituted about 90% of the total soluble pro-
tein.

EXAMPLE 12

Determination of Activity of D-Amino Acid Oxidase
Mutant GHA

The procedures were performed in accordance with Isogai,
T, et al, J. Biochem. [Tokyo] 108:10634069. 1990, with
modifications. Purified D-amino acid oxidase mutant GHA
was prepared as in Example 11 and diluted 10 times by
sodium phosphate buffer (50 mM, pH7.5). Reaction mixture
contained 2 mL. 150 mM CPC sodium and 2 m[L diluted
purified D-amino acid oxidase mutant GHA, stirred (450
rpm) at 37° C. and the pH value was maintained at 7.5 by SN
sodium hydroxide. Aliquots (100 UL ) were withdrawn at dif-
ferent time points (0, 15, 30, 45 min., FIG. 6), mixed with 10
uL 3% hydrogen peroxide, followed by addition of 50 pL
10% trichloroacetic acid to stop the reaction. The mixture was
centrifuged (10,000 g, 3 min) and 10 L of supernatant was
mixed with 990 pl. HPLC mobile phase (50 mM potassium
phosphate, pH7; 5% acetonitrile), then analyzed by HPLC.
HPLC column: Diamonsil™ C18, 250x4.6 mm (Diam Com-
pany, Beijing); column temperature: 30° C.; flow rate: 1
ml/min; scanning: 260 nm UV. One unit of enzyme activity
was defined as the amount of enzyme that converted 1 pmole
of CPC to glutary-7-ACA per min under the above reaction
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condition. The total activity of the D-amino acid oxidase
mutant GHA was 95,607 U, which was 35,410 U/L fermen-
tation medium.

EXAMPLE 13

Preparation of Immobilized D-Amino Acid Oxidase
Mutant GHA

Purification of D-amino acid oxidase mutant GHA was
performed as in Example 11. Preparation of Immobilized
D-amino acid oxidase was performed in accordance with the
description from Resindion S. R. L. (Italy) with modifica-
tions.

Activation of the matrix: 10 g wet Sephabeads HA was
mixed with 30 mL potassium dihydrogen phosphate (100
mM, pH8) and stirred (300 rpm) at room temperature for 15
min., then the pH value was adjusted to 8 by 5N sodium
hydroxide. The matrix was filtered and washed by 40 mL
potassium phosphate buffer (20 mM, pHS) for 5 min. with
stirring and filtered. The matrix was added with 40 mL 2%
glutaraldehyde and stirred (300 rpm) at room temperature for
1 hour. The matrix was filtered and washed with 40 mL
potassium phosphate (20 mM, pH8) for 5 min. and filtered.
The washing was repeated S times and the matrix was acti-
vated.

Enzyme immobilization: The activated matrix was mixed
with purified D-amino acid oxidase mutant GHA (10 g acti-
vated matrix to 100 mL purified D-amino acid oxidase mutant
GHA), stirred (300 rpm) at room temperature for 1 min. The
pH value was adjusted to 8 by IN sodium hydroxide and
stirred for another 18 hours. The matrix was filtered and
washed by 40 mL potassium phosphate buffer (20 mM, pHS)
with stirring for 2 min. and filtered. The matrix was washed by
40 mL sodium chloride (0.5M sodium chloride dissolved in
20 mM potassium phosphate buffer, pH8) for 20 min. with
stirring and filtered. The washing was repeated until the eluate
contained protein less than 0.1 mg/ml. The matrix was
washed by 40 mL potassium phosphate buffer (20 mM, pHS)
with stirring for 2 min. and filtered. The total immobilized
enzyme generated was 115 g. The activity of the immobilized
D-amino acid oxidase mutant GHA was determined as in
Example 12, with 4 g immobilized D-amino acid oxidase
mutant GHA in a reaction volume of 200 mL of 75 mM CPC
sodium. The activity of the immobilized recombinant
D-amino acid oxidase GHA was 77 U/g wet matrix.

EXAMPLE 14

Medium and fermentation of glutaryl-7-ACA acylase of
Pseudomonas sp. SE83

A single colony of clone BL-T7K-ACY (Example 8) was
picked from LB agar containing 50 ug/ml kanamycin and
grown in 2x5 mL LB medium containing 50 pg/ml kanamy-
cin at 37° C. for 8 hours (shaker at 250 rpm). An aliquot of
culture was inoculated to 2x50mL seed medium, incubated at
30° C. for 16 hours (shaker at 400 rpm).

A 50 mL seed medium contained:

Yeast extract 035 g
Disodium hydrogen phosphate 035 g
Potassium dihydrogen phosphate 035 g
Dipotassium hydrogen phosphate 048 g
Ammonium sulphate 0.06 g
Ammonium chloride 0.01 g
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-continued

05 mL
0.00055 g

Glycerol
Calcium chloride

They were dissolved in 50 mL distilled water and sterilized
by autoclaving.

After overnight incubation, the total 100 mL seed culture
was inoculated to a 2 L fermentor (BIOENGINEERING,
Benchtop Fermentor, KLLF2000) containing 50 pg/ml. kana-
mycin.

2 L fermentation medium contained:

Yeast extract

Disodium hydrogen phosphate
Potassium dihydrogen phosphate
Dipotassium hydrogen phosphate
Ammonium sulphate
Ammonium chloride

Glycerol

Calcium chloride

—
OO

=

=
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They were dissolved in 2 L distilled water and sterilized by
autoclaving in the 2 L fermentor (BIOENGINEERING,
Benchtop Fermentor, KLF2000).

1 g magnesium sulphate was dissolved in 20 mL distilled
water, sterilized by autoclaving; 0.14 g zinc chloride was
dissolved in 20 mL distilled water, sterilized by autoclaving.
The sterilized magnesium sulphate and zinc chloride were
added to the 2 L fermentor prior to fermentation.
Preparation of Feed:

Yeast extract 14 g
Disodium hydrogen phosphate 49 g
Potassium dihydrogen phosphate 49 g
Dipotassium hydrogen phosphate 64 g
Ammonium sulphate 0.84 g
Ammonium chloride 014 g
Glycerol 175 mL
Calcium chloride 0.008 g

They were dissolved in 700 mL distilled water, sterilized
by autoclaving.

0.34 ¢ magnesium sulphate was dissolved in 20 mL dis-
tilled water, sterilized by autoclaving and added to sterilized
700 mL feed.

Kanamycin was added to final concentration of 50 pg/ml,
2 mL antifoam was added. The fermentation was held at 30°
C. In the first 4 hours, the pH value was raised from 6.9 to 7.2
by 5N potassium hydroxide. Feeding was started when the
ODy, reached 4 at a feed rate of 60 mL/hour. The pH value
was raised to 7.4 by 5N potassium hydroxide in the following
4 hours. IPTG (Sigma) was added to final concentration of 0.1
mM when ODg,, reached 8. The fermentation was proceeded
for another 26 hours at controlled conditions (the pH value
was maintained at 7.4 by SN potassium hydroxide; dissolved
oxygen pO, at 30%).

EXAMPLE 15

Partial Purification of Glutaryl-7-ACA Acylase of
Pseudomonas sp. SE83

Fermentation was performed as in Example 14. The cells
were collected by centrifugation at 4° C. (5,000 g, 8 min.),
and supernatant was discarded. The wet weight of cell pellet
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was 130 g and it was resuspended in 400 mL sodium phos-
phate buffer (50 mM, pH8). The cells were lysed by grinding
in the dynomill (DYNO-MILL TYP KDL, 0.2 mm glass
beads, WA Bachofen). Cell suspension was injected into
dynomill at 50 mL/min. and washed by 600 mL sodium
phosphate buffer (50 mM, pHS8). The cell lysate was heat
treated at 55° C. for 15 min. in a water bath, centrifuged
(10,000 g, 30 min.). Supernatant was partial purified glutaryl-
7-ACA acylase of Pseudomonas sp. SE83. The purity and
concentration of the target protein was analyzed by SDS-
PAGE (FIG. 7). As shown in the figure, partial purified glu-
taryl-7-ACA acylase of Pseudomonas sp. SE83 constituted
about 40% of the total soluble protein.

EXAMPLE 16

Determination of Activity of Glutaryl-7-ACA
Acylase of Pseudomonas sp. SE83

The procedures were performed in accordance with
Binder, R. et al., 1994, Appl. Environ. Microbiol. 60, 1805-
1809, with modifications. The partially purified glutaryl-7-
ACA acylase of Pseudomonas sp. SER3 (Example 15) was
diluted 10 times by sodium phosphate buffer (50 mM, pHS)
and mixed with same volume of 150 mM glutaryl-7-ACA
(preparation as described in Shibuya, Y. et al., 1981, Agric.
Biol. Chem. 45, 1561-1567) at 37° C. with continuously
stirring (450 rpm) and the pH value was maintained at 8 by SN
sodium hydroxide. Aliquots (60 uL) were withdrawn at dif-
ferent time points (0, 15, 30, 45 min., FIG. 8) and mixed with
30 pL 10% trichloroacetic acid to stop the reaction. The
mixture was centrifuged (10,000 g, 3 min.) and 10 pL of
supernatant was mixed with 990 ul. HPL.C mobile phase (50
mM potassium phosphate, pH7; 5% acetonitrile), then ana-
lyzed by HPLC. HPLC conditions were as described in
Example 12. One unit of enzyme activity was defined as the
amount of enzyme that converted 1 pmole of glutaryl-7-ACA
to 7-ACA per min under the above reaction condition. The
total activity of the glutaryl-7-ACA acylase of Pseudomonas
sp. SE83 was 24,822 U, about 9,570 U/L fermentation
medium.

EXAMPLE 17

Preparation of Immobilized Glutaryl-7-ACA Acylase
of Pseudomonas sp. SE83

Glutaryl-7-ACA acylase of Pseudomonas sp. SE83 was
performed as in Example 15. Preparation of immobilized
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glutaryl-7-ACA acylase of Pseudomonas sp. SE83 was per-
formed in accordance with the description from Rohm (Ger-
many) with modifications. A 100 mL partially purified glu-
taryl-7-ACA acylase of Pseudomonas sp. SE83 was mixed
with 10 g Eupergit C250L wet matrix, stirred (300 rpm) at
room temperature for 72 hours. The matrix was filtered and
washed by 100 mL distilled water at room temperature with
stirring (300 rpm) for 2 min. and finally filtered by No. 3 sand
funnel. The washing was repeated until the eluate contained
protein less than 0.1 mg/mL. The total immobilized glutaryl-
7-ACA acylase of Pseudomonas sp. SE83 generated was 80
g. The activity of the immobilized glutaryl-7-ACA acylase of
Pseudomonas sp. SE83 was determined as in Example 16,
with 6 g immobilized glutaryl-7-ACA acylase of Pseudomo-
nas sp. SE83 in a reaction volume of 200 mL of 75 mM
glutaryl-7-ACA. The activity of the immobilized glutaryl-7-
ACA acylase of Pseudomonas sp. SE83 was 50 U/g wet
matrix.

EXAMPLE 18
Two-Step Enzymatic Conversion of CPC to 7-ACA

Immobilized D-amino acid oxidase mutant GHA was pre-
pared (40 g) as in Example 13 and added to 75 mM CPC
sodium solution (1 L), stirred (250 rpm) at room temperature
for 1 hour with supply of pure oxygen at a rate of 0.3 m*/hour.
The pH value was maintained at 7.5 by 3M ammonia. The
reaction mixture was filtered and immobilized glutaryl-7-
ACA acylase of Pseudomonas sp. SE83 (50 g, prepared as in
Example 17) was added, stirred (250 rpm) at room tempera-
ture for 1 hour. The pH value was maintained at 8 by 3M
ammonia. The level of 7-ACA was analyzed by HPLC as in
Example 16. The HPLC chromatogram was shown in FIG. 9.
Asshown in FIG. 9, the whole conversion took 120 min.: after
the first 60 min., most of the CPC was converted to glutaryl-
7-ACA by D-amino acid oxidase mutant GHA (FIG. 9, GL-7-
ACA, 60 min. peak). After another 60 min., most of the
glutaryl-7-ACA was converted to 7-ACA by glutaryl-7-ACA
acylase of Pseudomonas sp. SE®3 (FIG. 9, 7-ACA, 120 min.
peak). According to the HPLC data, the conversion rate of
CPC to glutaryl-7-ACA was 97.96%; the conversion rate of
glutaryl-7-ACA to 7-ACA was 95.78%. The conversion rate
of CPC to 7-ACA by the two step enzyme method was
93.83%.

This invention is not limited by the detailed description
provided in the Examples above. Various modifications can
be made by those skilled in the field and these modifications
should be regarded as within the scope of the claims of the
invention.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 33
<210>
«211>
<212>

<213>

SEQ ID NO 1

LENGTH: 1071

TYPE: DNA

ORGANISM: Trigonopsis variabilis

<400> SEQUENCE: 1

atggctaaaa tcgttgttat tggtgccggt gttgeeggtt taactacage tettcaactt

cttegtaaag gacatgaggt tacaattgtyg tecgagttta cgeccggtga tettagtate

ggatatacet cgecttggge aggtgccaac tggetecegt tttacgatgyg aggcaagtta

60

120

180
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gccgactacg
gctggaatte
gaaggtgcca
ttcgagatta
tttgetteey
tecgeteggeyg
cacteceteag
ttgggaggcy
aactctctte
gctctatata
aacaactggt
gaccgattee
caccgtectyg

tttgttgtee

gatgaagctyg

«210> SEQ I
<211> LENGT
<212> TYPE:

atgecegtete ttatcctate

gactcatcaa ccaacgctee

tgtecggecat ctgtcaacge

tcgaggacag gtccaggatt

tttgtateca caccggagte

ccacggtggt taaacgtega

gatcacgeee cgacgtgatt

tcgaggacaa gaagatgtac

cttttatgge ctecttttee

tcatgacceg attcgatggt

catccgaacc cgatccttcet

cggaactgac caaagatgge

gtagagaggy

ataactatgg tgccgccggt

tttettacgt cgaaagagcet

D NO 2
H: 356
PRT

<213> ORGANISM: Trigonopsis

<400> SEQUENCE: 2

Met Ala Lys
1

Ala Leu Gln
Phe Thr Pro
35

Ala Asn Trp
50

Ala Val Ser
65

Ala Gly Ile

Leu Pro Lys

Trp Phe Lys

115

Arg Ile Val
130

Cys Ile His
145

Ser Leu Gly

Ala Asn Phe

Cys Ser Gly
195

Met Tyr Pro
210

Ile Val Val
5

Leu Leu Arg
20

Gly Asp Leu

Leu Pro Phe

Tyr Pro Ile

70

Arg Leu Ile
85

Leu Glu Gly
100

Asn Thr Val

His Asp Asp

Thr Gly Val

150

Ala Thr Val
165

Leu His Ser
180

Leu Phe Ala

Ile Arg Gly

Ile

Lys

Ser

Tyr

55

Leu

Asn

Ala

Asp

val

135

Tyr

Val

Ser

Arg

Gln
215

cggtccacyga

ttgcgagage

catgttctca

aacccctggt

gtccacgatg

tacttgaact

gtgaaccata

gtcaactgta

cctattegag

agcactcctg

acttctatca

ctcacccatce

cctettgaca

gtagaattag

getggttace

cttactegte

variabilis

Gly

Gly

Ile

40

Asp

Arg

Gln

Met

Ser

120

Ala

Leu

Lys

Gly

Phe

200

Val

Ala

His

25

Gly

Gly

Glu

Arg

Ser

105

Phe

Tyr

Asn

Arg

Ser

185

Leu

Val

Gly

10

Glu

Tyr

Gly

Leu

Ser

20

Ala

Glu

Leu

Trp

Arg

170

Arg

Gly

Leu

Val

Val

Thr

Lys

Ala

75

His

Ile

Ile

Val

Leu

155

Val

Pro

Gly

Val

tggctcgaag
agcgtgatcet
tcaaaaacac
atgtggctta
ggetgatgte
tcaaggatge
gtggtetett
gacaagtcgt
aaaaagaaaa
ttggcggttyg
gaatcctgte
ttgtgcgega
agaagatcce
agtcctetta

caaaccttta

Ala Gly Leu
Thr Ile Val
30

Ser Pro Trp
45

Leu Ala Asp
60

Arg Ser Ser

Val Leu Lys

Cys Gln Arg

110

Ile Glu Asp
125

Glu Phe Ala
140

Met Ser Gln

Asn His Ile

Asp Val Ile

190

Val Glu Asp
205

Arg Asn Ser
220

cagccccgag
tcctaaactg
agtcgattet
tctagtegaa
ccaatgetta
caattttcta
tgeecggtte
ccttgttega
tgaagacgaa
tttccaatce
tagagcccte
atgegttygge
cggegttyge
cggeatgget

)

Thr Thr
15

Ser Glu

Ala Gly

Tyr Asp

Pro Glu

80

Arg Asp
95

Asn Pro

Arg Ser

Ser Val

Cys Leu

160
Lys Asp
175
Val Asn

Lys Lys

Leu Pro

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1071
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20

Phe Met Ala
225

Ala Leu Tyr

Cys Phe Gln

His Arg Ile

275

Agp Gly Pro
290

Arg Glu Gly
305

Phe Val Val

Tyr Gly Met

Arg Pro Asn
355

<210> SEQ I
«211> LENGT
<212> TYPE:

Ser Phe Ser
230

Ile Met Thr
245

Ser Asn Asn
260

Leu Ser Arg

Leu Asp Ile

Gly Pro Arg

310

His Asn Tyr
325

Ala Asp Glu
340

Leu

D NO 3
H: 4723
DNA

Ser

Arg

Trp

Ala

Val

295

val

Gly

Ala

«213> ORGANISM: Artificial

<220> FEATU

RE:

Thr

Phe

Ser

Leu

280

Arg

Glu

2la

Val

Pro Glu Lys Glu Asn Glu Asp Glu

235

Asp Gly Thr
250

Ser Glu Pro
265

Asp Arg Phe

Glu Cys Val

Leu Glu Lys

315

Ala Gly Ala
330

Ser Tyr Val
345

Ser Ile Ile
Asp Pro Ser
270

Pro Glu Leu
285

Gly His Arg
300

Ile Pro Gly

Gly Tyr Gln

Glu Arg Ala
350

<223> OTHER INFORMATION: Expression Vector pHS-GHA

<400> SEQUENCE: 3

catatggcta

cttettegta

atcggatata

ttagcecgact

gaggctggaa

ctggaaggtg

tctttegaga

gaatttgett

ttatcgceteg

ctacactccet

ttettygggay

cgaaactcete

gaagctetat

tccaacaact

ctcgaccgat

ggcecacegte

ggctttgtty

gctgatgaag

tttettaggt

gcttgtgaaa

aggcattgge

attagagcac

aaatcgttgt tattggtgce
aaggacatga ggttacaatt
cctegecttyg ggcaggtgee
acgatgcegt ctcttatcct
ttcgactcat caaccaacge
ccatgtegge catctgtcaa
ttatcgagga caggtccagg

cegtttgtat ccacaccgga

gcgcecacggt

caggatcacg ccccgacgtg

gegtegagga

ttecttttat ggectecttt

atatcatgac ccgattcgat

ggtcatcega

tcceggaact gaccaaagat

ctggtagaga gggcggtecce

tccataacta tggtgocgec

ctgtttctta cgtcgaaaga

cacatagcag gaatggatge

gatggegtat

gctgatattyg

agccagattyg taaacaaatc

ggttaaacgt

caagaagaty

accegatect

ttgacaagtt

taagcggtaa

ggtgttgecyg
gtgtccgagt
aactggctece
atcttgcgag
tcecatgtte
cgcaaccect
attgtccacg
gtctacttga
cgagtgaacc
attgtcaact
tacectatte
tececageacte
ggtacttcta
tcteteacce
ggccctettyg
cgagtagaat
ggtgetggtt
gctcttacte
ttttgcaaaa
catcgaagaa

agctgactte

aggcagacaa

gtttaactac
ttacgcccegyg
cgttttacga
agctggeteg
tcaagcgtga
ggttcaaaaa
atgatgtggce
actggctgat
atatcaagga
gtagtggtcect
gaggacaagt
ctgaaaaaga
tcattggegy
atcgaatect
acattgtgcg
tagagaagat
accagtccte
gtccaaacct
ggctttaaag
agatacgcaa
aagagcettyg

gagctattag

240

Gly Gly
255

Leu Thr

Thr Lys

Pro Gly

Val Gly

320

Ser Ser
335

Leu Thr

agctcttcaa
tgatcttagt
tggaggcaag
aagcagccce
tcttectaaa
cacagtcgat
ttatctagte
gtcecaatge
tgccaatttt
ctttgeccgyg
cgtecttytt
aaatgaagac
ttgtttccaa
gtctagagece
cgaatgcgtt
cceeggegtt
ttacggcatg
ttagagatct
ttgcttacaa
gctacaaaga
aaaagtatgce

aatcaatcct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320
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-continued
aaatcagtat ttgtttgcag aataaggcgc gccttaagat atcaacaaac tccgggaggce 1380
agcgtgatgg ggcaacaatc acacggattt cccgtgaacg gtctgaatga gcggattatt 1440
ttcagggaaa gtgagtgtgg tcagcgtgca ggtatatggg ctatgatgtyg cccggcgett 1500
gagygctttet gectcatgac gtgaaggtgg tttgtgecegt gttgtgtygge agaaagaaga 1560
tagccecgta gtaagttaat tttcattaac caccacgagg catccctatg tetagtecac 1620
atcaggatag cctcttaceg cgctttgege aaggagaaga aggccatgaa actaccacga 1680
agttcecttg tetggtgtgt gttgatcgtg tgtctcacac tgttgatatt cacttatcetyg 1740
acacgaaaat cgctgtgcga gattcgttac agagacggac acagggaggt ggceggcttte 1800
atggcttacg aatccggtaa gtagctacct ggaggcggge gcaggcctge cttttcagga 1860
ctgatgctgg tctgactact gaagcgectt tataaagggg ctgctggttce gecggtagece 1920
cctttetect tgctgatgtt gtgaattcga agcttgatce ggctgctaac aaagcccgaa 1980
aggaagctga gttggetget gecaccgetyg agcaataact agecataacce cttggggect 2040
ctaaacgggt cttgaggggt tttttgctga aaggaggaac tatatccgga tetggegtaa 2100
tagcgaagag gcccgeaceg atcgeccctte ccaacagttg cgcagectga atggegaatg 2160
ggacgcgecece tgtageggey cattaagege ggegggtgtg gtggttacge geagegtgac 2220
cgctacactt gecagegece tagegeccge tecttteget tteottecectt cctttetege 2280
cacgttcgee ggctttceccee gtcaagetcet aaatcggggg ctccctttag ggttecgatt 2340
tagtgcttta cggcacctcg accccaaaaa acttgattag ggtgatggtt cacgtagtgg 2400
gccatcgecce tgatagacgg tttttegece tttgacgttg gagtccacgt tctttaatag 2460
tggactcttg ttccaaactyg gaacaacact caaccctatc tcggtctatt cttttgattt 2520
ataagggatt ttgccgattt cggectattg gttaaaaaat gagctgattt aacaaaaatt 2580
taacgcgaat tttaacaaaa tattaacgct tacaatttag gtggcacttt tcggggaaat 2640
gtgcgcggaa cccectatttg tttattttte taaatacatt caaatatgta tccgctcatg 2700
agacaataac cctgataaat gcttcaataa tattgaaaaa ggaagagtat gagtcatatt 2760
caacgggaaa cgtcttgcte taggccgcega ttaaattcca acatggatge tgatttatat 2820
gggtataaat gggctcgcga taatgtcggg caatcaggtg cgacaatcta tcgattgtat 2880
gggaagcccg atgcgccaga gttgtttetg aaacatggca aaggtagcgt tgccaatgat 2940
gttacagatg agatggtcag actaaactgg ctgacggaat ttatgcctct tccgaccatce 3000
aagcatttta tcegtactee tgatgatgea tggttacteca ccactgegat cecegggaaa 3060
acagcattce aggtattaga agaatatcct gattcaggtg aaaatattgt tgatgegetg 3120
gcagtgttece tgegecggtt geattcgatt cctgtttgta attgtecttt taacagegat 3180
cgegtattte gtetegetca ggcgcaatca cgaatgaata acggtttggt tgatgegagt 3240
gattttgatyg acgagcgtaa tggctggect gttgaacaag tctggaaaga aatgcataaa 3300
cttttgccat tctcaccgga ttcagtcgte actcatggtg atttctcact tgataacctt 3360
atttttgacg aggggaaatt aataggttgt attgatgttg gacgagtcgyg aatcgcagac 3420
cgataccagg atcttgccat cctatggaac tgcctcggtg agttttctece ttcattacag 3480
aaacgygcttt ttcaaaaata tggtattgat aatcctgata tgaataaatt gcagtttcat 3540
ttgatgcteg atgagttttt ctaactgtca gaccaagttt actcatatat actttagatt 3600
gatttaaaac ttcattttta atttaaaagg atctaggtga agatcctttt tgataatctce 3660
atgaccaaaa tceecttaacyg tgagtttteg ttcecactgag cgtcagacce cgtagaaaay 372Q
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-continued
atcaaaggat cttcttgaga tccttttttt ctgcgcgtaa tctgctgctt gcaaacaaaa 3780
aaaccaccgce taccagceggt ggtttgtttg ccggatcaag agctaccaac tctttttecy 3840
aaggtaactg gcttcagcag agcgcagata ccaaatactg ttcttctagt gtagecgtag 3900
ttaggccacce acttcaagaa ctctgtagca ccgectacat acctogetet getaatcecty 3960
ttaccagtgg ctgctgcecag tggcgataag tegtgtetta cecgggttgga ctcaagacga 4020
tagttaccgg ataaggcgca geggteggge tgaacggggyg gttegtgcac acageccage 4080
ttggagcgaa cgacctacac cgaactgaga tacctacagc gtgagctatg agaaagegee 4140
acgctteceg aagggagaaa ggcggacagg tatccggtaa geggcagggt cggaacagga 4200
gagcgcacga gggagcettece agggggaaac gectggtatce tttatagtece tgtcegggttt 4260
cgccacctet gacttgageg tcgatttttg tgatgctegt caggggggeg gagectatgg 4320
aaaaacgcca gcaacgcgge ctttttacgg ttcectggect tttgetggee ttttgctcac 4380
atgttettte ctgegttate cectgattet gtggataace gtattacege ctttgagtga 4440
gectgataceg ctegecgeag ccgaacgace gagegcageg agtcagtgag cgaggaageg 4500
gaagagcgcece caatacgcaa accgcectete cececgegegtt ggecgattca ttaatgeage 4560
tggcacgaca ggtttecccga ctggaaageg ggcagtgage gcaacgcaat taatgtgagt 4620
tagctcacte attaggcacce ccaggcttta cactttatge ttceggeteg tatgttgtgt 4680
ggaattgtga gcggataaca atttcacaca agaaggagat ata 4723
<210> SEQ ID NO 4
<211> LENGTH: 4414
<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATIOQN: Expression Vector pT7-kan-ACY
<400> SEQUENCE: 4
catatgaacg ctceegtece cgtccegege gtegecgatt tcacctgega gaagaagect 60
gcgagegget cgegeggeat ggtegtcace aaccaccege tegectegge ageceggegeg 120
cagatcetge tegeeggegg caatgecate gacgeggetg tegegteget cttegegetg 180
acggtggeeg agecgatgat ggtcggeate cteggegggyg gectgageca tatceggete 240
gcecgacggge gtcatgtegt gatcgacaat ctcectecgaccg cgccgggcaa ggcgacggcec 300
gagatgtacg agtgcctgtc cgacgagatc ggcaagcagc gcgacacgcg cgaccgcecag 360
aacgtggteg gagecaagge ggtegeggtt ceeggegege tcaagggety gtgegaggeyg 420
ctcgeceget teggeacget geegetegee gaggttetee agecggegat cgggetggeg 480
gagcgegget tegtggtcac gecctatcte tcgaactgea tcaccgacaa cgegggegat 540
ctcgecegeg acceeggect cgeggegatyg ctgetgeegg geggaaagece getccageeg 600
ggcatgcgge tcgtccagte cgactatgcce gcgagectca aactgatcgce ggctgagggg 660
ccggacgege tcetatggegg caagctcgge cgggegcetga ccgattacat ggcggecaat 720
ggcggectga tcgatcagge cgacctcgec aattaccgca tcgaactgcg cgagecgatt 780
cgcggetect atcgeggeta cgagatcatc ggeccgecge cgccctegte atcgggegtg 840
catatcacgc agatgctcaa cattctcgaa ggctatgata tcggcteget cggettegge 900
tcgacggacg ctgtgcatct gctcgecgaa gecectgaaga tcgecttege cgaccgegece 960
gtggcgacag ccgatcegge cttcegtcaag gttecggteg cgecgattgat cgacaaggcec 1020
tatgccgacg agcgccegege getcattgay atggagcagyg cgaagagetyg gacggeeggg 1080
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ctectetggeg gegaatccge cgacaccact catgtcaccg tcgctgacgce catggggaat 1140
gtcgtecageg cgacgcagac gatcaacggg ctgttceggeg cctgcgtgca gattceggge 1200
accggcatga tcgccaacaa ctacatgtac aacttcgatc cgcatcecegg ccegggcgcete 1260
tcgategege cgggaaagayg ggtcttcace tcegatggege cgatgatggce gttgaaggay 1320
ggacggatcg cctttgeget cggettgect ggegegeteo geatcttece cteggegetyg 1380
caggcgatceg tcaacctgat cgaccaccge atgagectge aggaggeggt cgaggegeca 1440
cgegtetgga cggagggegyg cgtgctegaa ctcgaggaag cgatccccga ggecgtggea 1500
caagcgetga tegegegegyg ccataaggtg gtgegetege ceogegtgge cggtggeatyg 1560
aacgccatceg ccttecaatce ggacggtacce ttgaccggtg ccgectgetyg gegegecgac 1620
ggcacacccg tecgccatete cggegggete geccgtgecg gtgccegett caccatctga 1680
agatctgcag ctggtaccat ggaattcgaa gcttgatceg gctgctaaca aagcccgaaa 1740
ggaagctgayg ttggetgetyg ccaccgetga gcaataacta geataacccece ttggggecte 1800
taaacgggte ttgaggggtt ttttgctgaa aggaggaact atatccggat ctggegtaat 1860
agcgaagagg cccgeaccga tegeccttec caacagttge gcagectgaa tggcegaatgg 1920
gacgcgecect gtageggege attaagegeg gegggtgtgg tggttacgeg cagegtgace 1980
gctacacttyg ccagegecct agecgccoget ccetttegett tettoectte ctttetegec 2040
acgttcgceg getttecceg tcaagetceta aatcggggge tccctttagg gttecgattt 2100
agtgctttac ggcacctcga ccccaaaaaa cttgattagg gtgatggttc acgtagtggy 2160
ccatcgeccct gatagacggt ttttecgeect ttgacgttgg agtccacgtt ctttaatagt 2220
ggactcttgt tccaaactgg aacaacactc aaccctatct cggtctatte ttttgattta 2280
taagggattt tgccgattte ggcoctattgg ttaaaaaatg agctgattta acaaaaattt 2340
aacgcgaatt ttaacaaaat attaacgctt acaatttagg tggcactttt cggggaaatyg 2400
tgcgeggaac cectatttgt ttatttttet aaatacattc aaatatgtat ccgcetcatga 2460
gacaataacc ctgataaatyg cttcaataat attgaaaaag gaagagtatg agtcatattce 2520
aacgggaaac gtcttgctet aggecgcgat taaattccaa catggatget gatttatatg 2580
ggtataaatg ggctcgcgat aatgtcgggc aatcaggtgc gacaatctat cgattgtatg 2640
ggaagcccga tgcgccagag ttgtttctga aacatggcaa aggtagegtt gecaatgatg 2700
ttacagatga gatggtcaga ctaaactggc tgacggaatt tatgecctctt ccgaccatca 2760
agcattttat cegtactcecet gatgatgecat ggttactcac cactgegate cecgggaaaa 2820
cagcattcca ggtattagaa gaatatcctg attcaggtga aaatattgtt gatgegetgg 2880
cagtgttcct gegeeggttg cattcgatte ctgtttgtaa ttgtectttt aacagegate 2940
gcgtattteg tectegetecayg gegcaatcac gaatgaataa cggtttggtt gatgcegagtg 3000
attttgatga cgagcgtaat ggctggcctg ttgaacaagt ctggaaagaa atgcataaac 3060
ttttgccatt ctcaccggat tcagtcgtca ctcatggtga tttctcactt gataacctta 3120
tttttgacga ggggaaatta ataggttgta ttgatgttgg acgagtcgga atcgcagacce 3180
gataccagga tcttgccatc ctatggaact gecctcggtga gttttctect tcattacaga 3240
aacggctttt tcaaaaatat ggtattgata atcctgatat gaataaattyg cagtttcatt 3300
tgatgctega tgagttttte taactgtcag accaagttta ctcatatata ctttagattyg 3360
atttaaaact tcatttttaa tttaaaagga tctaggtgaa gatccttttt gataatctca 3420
tgaccaaaat cccttaacgt gagttttegt tcecactgage gtcagaccce gtagaaaaga 348Q
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tcaaaggatc ttcttgagat cctttttttc tgcgecgtaat ctgctgcttyg caaacaaaaa 3540
aaccaccgct accageggtg gtttgtttge cggatcaaga gctaccaact cttttteega 3600
aggtaactgg cttcagcaga gcgcagatac caaatactgt tcttctagtyg tageccgtagt 3660
taggccacca cttcaagaac tctgtagcac cgectacata cctegetetyg ctaatcectgt 372Q
taccagtggce tgctgecagt ggcgataagt cgtgtcecttac cgggttggac tcaagacgat 378Q
agttaccgga taaggcgcag cggtcgggcet gaacgggggyg ttogtgcaca cageccaget 3840
tggagcgaac gacctacacc gaactgagat acctacageg tgagctatga gaaagcgeca 3900
cgetteccga agggagaaag gcggacaggt atccggtaag cggcagggte ggaacaggag 3960
agcgcacgag ggagcttcca gggggaaacg cctggtatct ttatagtect gtegggttte 4020
gccacctetg acttgagegt cgatttttgt gatgctegte aggggggegg agectatgga 4080
aaaacgccag caacgcggcece tttttacggt tcctggectt ttgetggect tttgctcaca 4140
tgttetttee tgegttatee cctgattetyg tggataaceg tattaccgee tttgagtgag 4200
ctgataccege tegecgeage cgaacgaceg agegcagega gtcagtgage gaggaagegyg 4260
aagagcgcce aatacgcaaa ccgectctee ccgegegttg gecgattcat taatgcagga 4320
tctegatcecee gegaaattaa tacgactcac tatagggaga ccacaacggt ttecectcetag 4380
aaataatttt gtttaacttt aagaaggaga tata 4414
<210> SEQ ID NO 5
<211> LENGTH: 1071
<212> TYPE: DNA
<213> ORGANISM: Trigonopsis variabilis
<400> SEQUENCE: 5
atggctaaaa tcgttgttat tggtgccggt gttgecggtt taactacage tettcaactt 60
cttcgtaaag gacatgaggt tacaattgtg tecgagttta cgcoccggtga tettagtate 120
ggatatacct cgccttggge aggtgccaac tggctcacat tttacgatgg aggcaagtta 180
gcecgactacg atgeegtete ttatcctate ttgegagage tggetcgaag cagecccgag 240
gctggaatte gactcatcaa ccaacgctec catgttctea agegtgatcet tectaaactg 200
gaaggtgcca tgtceggecat ctgtcaacge aacccctggt tcaaaaacac agtcegattet 260
ttcgagatta tcgaggacag gtccaggatt gtccacgatg atgtggcetta tctagtcegaa 420
tttgctteceg tttgtatcca caccggagte tacttgaact ggctgatgtce ccaatgetta 480
tegeteggey ccacyggtggt tasacgtega gtgaaccata tcaaggatge caatttteta 540
cactceteag gatcacgece cgacgtgatt gtcaactgta gtggtetett tgeceggtte 600
ttgggaggceg tcgaggacaa gaagatgtac cctattcgag gacaagtegt cettgttega 660
aactctette cttttatgge ctecttttee agecactcctg aaaaagaaaa tgaagacgaa 720
gctctatata tcatgacceg attcgatggt acttctatca ttggeggttg tttecaatcee 780
aacaactggt catccgaacc cgatccttct ctcacccatc gaatcctgte tagagcecte 840
gaccgattce cggaactgac caaagatggce cctcttgaca ttgtgcgega atgegttgge 200
caccgtecetg gtagagaggg cggtccccga gtagaattag agaagatcce cggegttgge 960
tttgttgtcce ataactatgg tgccgecggt getggttacce agtectetta cggcatgget 1020
gatgaagctyg tttettacgt cgaaagagcet cttactcgte caaaccttta g 1071

<210> SEQ ID NO 6
<21l> LENGTH: 356
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30

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Met Ala Lys Ile

1

Ala

Phe

Ala

Ala

65

Ala

Leu

Trp

Arg

Cys

145

Ser

Ala

Cys

Met

Phe

225

Ala

Cys

Asp

Arg

305

Phe

Tyr

Arg

<210>
<211l
<212>
<213
<220>

Leu

Thr

Asn

50

Val

Gly

Pro

Phe

Ile

130

Ile

Leu

Asn

Ser

Tyr

210

Met

Leu

Phe

Arg

Gly

290

Glu

Val

Gly

Pro

Gln

Pro

35

Trp

Ser

Ile

Lys

Lys

115

Val

His

Gly

Phe

Gly

195

Pro

Ala

Tyr

Gln

Ile

275

Pro

Gly

Val

Met

Asn
355

Leu

20

Gly

Leu

Tyr

Arg

Leu

100

Asn

His

Thr

Ala

Leu

180

Leu

Ile

Ser

Ile

Ser

260

Leu

Leu

Gly

His

Ala

340

Leu

SEQ ID NO
LENGTH:
TYPE: DNA
ORGANISM: Artificial
FEATURE:

Trigonopsis

6

Val

Leu

Asp

Thr

Pro

Leu

85

Glu

Thr

Asp

Gly

Thr

165

His

Phe

Arg

Phe

Met

245

Asn

Ser

Asp

Pro

Asn

325

Asp

~

4701

Val

Arg

Leu

Phe

Ile

70

Ile

Gly

Val

Asp

Val

150

Val

Ser

Ala

Gly

Ser

230

Thr

Asn

Arg

Ile

Arg

310

Tyr

Glu

Ile

Lys

Ser

Tyr

55

Leu

Asn

Ala

Asp

Val

135

Tyr

Val

Ser

Arg

Gln

215

Ser

Arg

Trp

Ala

Val

295

val

Gly

Ala

variabilis

Gly

Gly

Ile

40

Asp

Arg

Gln

Met

Ser

120

2la

Leu

Lys

Gly

Phe

200

Val

Thr

Phe

Ser

Leu

280

Arg

Glu

2la

Val

Ala

His

25

Gly

Gly

Glu

Arg

Ser

105

Phe

Tyr

Asn

Arg

Ser

185

Leu

Val

Pro

Asp

Ser

265

Asp

Glu

Leu

Ala

Ser
345

Gly

10

Glu

Tyr

Gly

Leu

Ser

90

Ala

Glu

Leu

Trp

Arg

170

Arg

Gly

Leu

Glu

Gly

250

Glu

Arg

Cys

Glu

Gly

330

Tyr

Val

Val

Thr

Lys

Ala

75

His

Ile

Ile

Val

Leu

155

Val

Pro

Gly

Val

Lys

235

Thr

Pro

Phe

Val

Lys

315

Ala

Val

Ala

Thr

Ser

Leu

60

Arg

Val

Cys

Ile

Glu

140

Met

Asn

Asp

Val

Arg

220

Glu

Ser

Asp

Pro

Gly

300

Ile

Gly

Glu

Gly

Ile

Pro

45

Ala

Ser

Leu

Gln

Glu

125

Phe

Ser

His

Val

Glu

205

Asn

Asn

Ile

Pro

Glu

285

His

Pro

Tyr

Arg

Leu

Val

30

Trp

Asp

Ser

Lys

Arg

110

Asp

Ala

Gln

Ile

Ile

190

Asp

Ser

Glu

Ile

Ser

270

Leu

Arg

Gly

Gln

Ala
350

Thr
15

Ser

Ala

Pro

Arg

95

Asn

Arg

Ser

Lys
175

Val

Leu

Asp

Gly

255

Leu

Thr

Pro

Val

Ser

335

Leu

Thr

Glu

Gly

Asp

Glu

80

Asp

Pro

Ser

Val

Leu

160

Asp

Asn

Lys

Pro

Glu

240

Gly

Thr

Lys

Gly

Gly

320

Ser

Thr
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<223> OTHER INFORMATION: Vector pRSET-lac-GI-hok/sok-kan

<400> SEQUENCE: 7

catatgaata

aatccttatt

gageatetaee

tttggcaagy

aaagcaagygy

ttccatgata

gatacaatag

ggtaccgcaa

gctgacgttt

cttggecegy

acagatatygyg

gcaaaggaaa

aaacatcaat

gacaaatatt

caacatgagc

ggcgacatge

cttgctatgt

gcaaaagtaa

atggatgett

gacaagttca

agcggtaaayg

aacaaatcag

taaggcgege

acggatttce

agcgtgeagy

gaaggtggtt

tcattaacca

ctttygcgcaa

tgatcgtgty

ttegttacag

agctacctygy

agcgcettta

gaattcgaag

caccgetgag

tttgctgaaa

cgeecttece

ttaagcegegy

gegecegete

aatattttga

cctttaaatt

gettttetat

ctactatgca

tagaagcagce

gggatattge

ttgctatgat

atcttttcte

ttgcatatte

aaaactacgt

agttagaget

teggetttga

acgactttga

tcaaagtaaa

taagatacgce

ttttgggaty

atgaagtcat

gacgtgcette

ttycaaaagy

tegaagaaag

ctgacttcaa

gcagacaaga

cttaagatat

cgtgaacggt

tatatggget

tgtgcegtygt

ccacgaggca

ggagaagaayg

teteacactyg

agacggacac

aggegggege

taaagggget

cttgatcegyg

caataactag

ggaggaacta

aacagttgeg

cgggtgtggt

ctttegettt

gaacgtatct
ttacaatcca
agettattgg
aagaccatgg
atttgagttt
ccectgaagga
aaaggattac
caatccgaga
tgcagcgcaa
attttggggt
tgataacttt
aggtcagtte
cgtggcaaat
tatcgaagca
cagaataaac
ggatacggac
aaagatgggt
atttgagcca
ctttaaagtt
atacgcaage
gagccttgaa
gctattagaa
caacaaactc
ctgaatgagce
atgatgtgcee
tgtgtggcag
tcectatgte
gccatgaaac
ttgatattca
agggaggtgg
aggectgecet
gctggttege
ctgctaacaa
cataacccct
tatccggate
cagectgaat
ggttacgege

cttececttee

aaaataaaat

gaggaagtaa

cacactttta

aaccactaca

tttgataaga

gatactctta

ttaaagacca

tttgtacatg

gtcaaaaaag

ggaagagaag

gcaagatttt

ttgattgage

gtattggeat

aaccatgcga

ggtgtattag

cagttcecta

ggatttgaca

gaagatcttt

gcttacaage

tacaaagaag

aagtatgeat

tcaatcctaa

cgggaggcag

ggattatttt

cggegettyga

aaagaagata

tagtccacat

taccacgaag

cttatctgac

cggettteat

tttecaggact

cggtagecece

agcccgaaag

tggggcctcet

tggcgtaata

ggcgaatygyy

agegtgaceg

tttetegeca

atgaaggacc
tcgatggcaa
ctgetgatygy
cagatcetat
taaatgcacc
gagagacaaa
gcaagacaaa
gtgcatcaac
cccttgagat
ggtacgagac
tgcacatgge
cgaagccaaa
tecttgagaaa
cattggeatt
gatcaattga
cagatatacg
aaggtggcct
tcttaggtca
ttgtgaaaga
gcattggege
tagagcacag
atcagtattt
cgtgatgggg
cagggaaagt
ggctttetge
gcccecgtagt
caggatagcc
ttcocttgte
acgaaaatcg
ggcttacgaa
gatgctggte
tttcteetty
gaagctgagt
aaacgggtet
gcgaagagge
acgegeeety
ctacacttge

cgttegeeygy

aaaatcaaat

gacgatggag

aacagatcaa

ggatatageg

tttettetge

caaaaactta

agttttgttt

atcctgcaat

tactaaggag

gcttetcaat

tgttgactat

ggagcctaca

atacgacctt

ccacgactte

cgcaaatcaa

catgacaacyg

taactttgat

catagcagga

tggegtattt

tgatattgta

ccagattgta

gtttgcagaa

caacaatcac

gagtgtggtce

ctcatgacgt

aagttaattt

tettaccgey

tggtgtgtgt

ctgtgegaga

tecggtaagt

tgactactga

ctgatgttgt

tggctgetge

tgaggggttt

cecgecaccgat

tageggegea

cagegeecta

cttteccegt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280
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34

-continued
caagctctaa atcggggget ccctttaggg ttecgattta gtgetttacyg gcacctegac 2340
cccaaaaaac ttgattaggg tgatggttca cgtagtgggce catcgccctg atagacggtt 2400
tttegecctt tgacgttgga gtccacgtte tttaatagtg gactettgtt ccaaactgga 2460
acaacactca accctatcte ggtctattet tttgatttat aagggatttt geccgattteg 2520
gooctattggt taaaaaatga getgatttaa caaaaattta acgecgaattt taacaaaata 2580
ttaacgctta caatttaggt ggcactttte ggggaaatgt gcgcggaace cctatttgtt 2640
tatttttcta aatacattca aatatgtatc cgctcatgag acaataaccce tgataaatge 2700
ttcaataata ttgaaaaagg aagagtatga gtcatattca acgggaaacyg tcttgctcecta 2760
ggcecgcgatt aaattccaac atggatgctg atttatatgg gtataaatgg gctcgegata 2820
atgtcgggca atcaggtgcg acaatctatc gattgtatgg gaagcccgat gcgecagagt 2880
tgtttctgaa acatggcaaa ggtagcgttyg ccaatgatgt tacagatgag atggtcagac 2940
taaactggct gacggaattt atgcctctte cgaccatcaa gcattttate cgtactecty 3000
atgatgcatg gttactcacce actgcgatce ccgggaaaac agcattccayg gtattagaay 3060
aatatcctga ttcaggtgaa aatattgttg atgegetgge agtgttectyg cgceggttge 3120
attcgattce tgtttgtaat tgtcctttta acagcgateg cgtatttegt ctegetcagy 3180
cgcaatcacg aatgaataac ggtttggttg atgcgagtga ttttgatgac gagcgtaatyg 3240
gctggecetgt tgaacaagtc tggaaagaaa tgcataaact tttgccattce tcaccggatt 3300
cagtcgtcac tcatggtgat ttctcacttg ataaccttat ttttgacgag gggaaattaa 3360
taggttgtat tgatgttgga cgagtcggaa tcgcagaccg ataccaggat cttgccatce 3420
tatggaactg cctecggtgag ttttctcctt cattacagaa acggettttt caaaaatatg 3480
gtattgataa tecctgatatg aataaattge agtttcattt gatgcotegat gagtttttet 3540
aactgtcaga ccaagtttac tcatatatac tttagattga tttaaaactt catttttaat 3600
ttaaaaggat ctaggtgaag atcctttttg ataatctcat gaccaaaatc ccttaacgtyg 3660
agttttegtt ccactgageg tcagaccceg tagaaaagat caaaggatcet tcettgagate 3720
ctttttttet gecgegtaate tgctgcttge aaacaaaaaa accaccgcta ccageggtgg 3780
tttgtttgce ggatcaagag ctaccaactc tttttccgaa ggtaactggce ttcagcagag 3840
cgcagatacc aaatactgtt cttctagtgt agccgtagtt aggccaccac ttcaagaact 3900
ctgtagcacce gectacatac ctcegetctge taatcctgtt accagtggcet getgccagty 3960
gcgataagte gtgtcettace gggttggact caagacgata gttaccggat aaggcegcage 4020
ggtcgggcty aacggggggt tegtgcacac ageccagett ggagegaacy acctacaccg 4080
aactgagata cctacagegt gagctatgag aaagcgecac gettcccgaa gggagaaagg 4140
cggacaggta tceggtaage ggcagggteg gaacaggaga gegcacgagg gagettecag 4200
ggggaaacgc ctggtatctt tatagtcctg tegggttteg ccacctetga cttgagegte 4260
gatttttgtg atgctcgtca ggggggegga gectatggaa aaacgccage aacgeggect 4320
ttttacggtt cctggecttt tgctggcctt ttgctcacat gttctttect gegttatcce 4380
ctgattctgt ggataaccgt attaccgcct ttgagtgage tgataccget cgcegcagece 4440
gaacgaccga gcgcagcgag tcagtgageg aggaagcgga agagcgccca atacgcaaac 4500
cgectetece cgegegttgg cegatteatt aatgeagetg geacgacagyg ttteccegact 4560
ggaaagcgygy cagtgagege aacgcaatta atgtgagtta getcactcat taggcaccec 4620
aggctttaca ctttatgett ccggetegta tgttgtgtgg aattgtgage ggataacaat 4680
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-continued

36

ttcacacaag aaggagatat a 4701

<210>
<211l>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemcially synthesized

SEQUENCE: 8

ctgtcagace aagtttacte atatatactt tag 33

<210>
<211l>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 9

actctteoctt tttcaatatt attgaage 28

«210>
<21l>
«212>
<213>
«220>
<223>

<400>

SEQ ID NO 10

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 10

atgagccata ttcaacggga aac 23

<210>
<211>
<2l2>
<213
<220>
<223

<400>

SEQ ID NO 11

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 11

ttagaaaaac tcatcgagca tcaaatg 27

<210>
<21l>
<212>
<213>
<220>
<223 >

<400>

SEQ ID NO 12

LENGTH: 31

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 12

catatgtata tctecttett gtgtgaaatt g 31

«210>
<21l>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 13

LENGTH: 28

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 13

cagtggctge tgccagtgge gataagtce 28

<210>
<211l
<212>
<213
<220>

SEQ ID NO 14

LENGTH: 36

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
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-continued

38

<223>

<400>

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 14

catatgaata aatattttga gaacgtatct aaaata

<210>
<211>
<2l2>
<213
<220>
223>

<400>

SEQ ID NO 15

LENGTH: 31

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 15

gatatcttaa ggegegectt attctgeaaa ¢

<210>
<21l>
<212>
<213>
<220>
<223 >

<400>

SEQ ID NO 16

LENGTH: 75

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 16

ttggcgegee ttaagatatce aacaasactce gggaggcage gtgatgegge aacaatcaca

cggatttecce gtgaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 17

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 17

catatacctg cacgctgace acactcactt tcecctgaaaa taatccgete attcagacceg

ttcacgggaa atcegtgtga

<210>
<211l>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 18

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 18

ggtcagegty caggtatatg ggctatgatyg tgcceggege ttgaggettt ctgcctcatyg

acgtgaaggt ggtttgttge

«210>
<21l>
«212>
<213>
<220>
<223>

<400>

SEQ ID NO 19

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 19

cgtggtggtt aatgaaaatt aacttactac ggggctatct tctttctgece acacaacacg

gcaacaaacc accttcacgt

<210>
<211l
<212>
<213
<220>

SEQ ID NO 20

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

36

31

60

75

60

80

60

80

60

80
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-continued

40

<223>

<400>

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 20

aattttcatt aaccaccacg aggcatccct atgtctagtc cacatcagga tagectcectta

cecgegetttg cgcaaggaga

<210>
<211l
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 21

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 21

tgagacacac gatcaacaca caccagacaa gggaacttcg tggtagtttc atggecttet

tctecttgeyg caaagegegg

<210>
<21l>
<212>
<213>
«220>
<223>

<400>

SEQ ID NO 22

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 22

tgtgttgate gtgtgtctca cactgttgat attcacttat ctgacacgaa aatcgetgtg

cgagattegt tacagagacg

<210>
<211>
<212>
<213
<220>
<223>

<400>

SEQ ID NO 23

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 23

cgcctocagy ttgctactta ccggattegt aagecatgaa agecgocace teectgtgte

cgtctetgta acgaatcteg

<210>
<21l>
<212>
<213>
<220>
<223 >

<400>

SEQ ID NO 24

LENGTH: 80

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 24

taagtagcaa cctggaggeg ggcgcaggee cgecttttea ggactgatge tggtctgact

actgaagege ctttataaag

<210>
<21l>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 25

LENGTH: 73

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Chemically synthesized

SEQUENCE: 25

cggaatteac aacatcagea aggagaaagy ggctaccegge gaaccagcay cecctttata

aaggecgette agt

<210>

SEQ ID NO 26

60

80

60

80

60

80

60

80

60

80

60

73
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-continued

42

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized

<400> SEQUENCE: 26

tagggetgac atatggetaa aategttgtt attggtge

<210> SEQ ID NO 27

«211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized

<400> SEQUENCE: 27

tagggctgaa gatctctaaa ggtttggacyg agtaagagc

<210> SEQ ID NO 28

<21l> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized

<400> SEQUENCE: 28

tagggctgac atatggctaa aatcgttgtt attg

<210> SEQ ID NO 29

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized

<400> SEQUENCE: 29

tagggcetgaa gatctetaaa ggtttggacy ag

<210> SEQ ID NO 30

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized

<400> SEQUENCE: 30

gcaggtygcca actggctcee gttttacgat ggaggcaag

<210> SEQ ID NO 31

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

«220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized

<400> SEQUENCE: 31

gagccagttg gcacctgeec aagg

<210> SEQ ID NO 32

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Chemically synthesized

<400> SEQUENCE: 32

38

39

34

32

39

24
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-continued
catatgaacg ctcecegteee cgtecc 26
<210> SEQ ID NO 33
<211> LENGTH: 26
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Chemically synthesized
<400> SEQUENCE: 33
agatcttcag atggtgaage gggceac 26
15

We claim:

1. A method to prepare 7-aminocephalosporanic (7-ACA)
from cephalosporin C (CPC), which comprises the conver-
sion of CPC to glutaryl-7-ACA by D-amino acid oxidase
(first step reaction) and the conversion of glutaryl-7-ACA to
7-ACA by glutaryl-7-ACA acylase (second step reaction),
wherein said D-amino acid oxidase is a purified Trigonopsis
variabilis D-amino acid oxidase mutant with the amino acid
of SEQ IDNO: 2.

2. The method according to claim 1, in said first step
reaction, hydrogen peroxide is not added.

3. The method according to claim 2, said D-amino acid
oxidase is expressed from expression vector pHS-GHA with
the DNA sequence of SEQ ID NO: 3.

4. The method according to claim 3, said D-amino acid
oxidase is purified by sequential purifications comprising
DEAE-cellulose ion exchange resin purification and ammo-
nium sulphate precipitation.

20

25

30

5. The method according to claim 4, in said first step and
second step reactions, f-lactamase inhibitors selected from
ascorbic acid, 3-amino-1,2,3-triazole, sodium perborate, and
sodium azide is not added.

6. The method according to claim 5, in said first step
reaction, catalase inhibitors selected from sodium sulbactam,
clavulanic acid, boric acid and their derivatives is not added.

7. The method according to claim 6, in said second step
reaction, catalase is not added.

8. The method according to any of the claims 1-7, said
D-amino acid oxidase is immobilized, or said glutaryl 7-ami-
nocephalosporanic acylase (glutaryl-7-ACA acylase) is
immobilized.

9. The method according to claim 8, said glutaryl-7-ACA
acylase is glutaryl-7-ACA acylase of Pseudomonas sp. SES3.

10. The method according to claim 9, said glutaryl-7-ACA
acylase of Pseudomonas sp. SE83 is expressed by the expres-
sion vector pT7-kan-ACY with the DNA sequence of SEQ ID
NO: 4.
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