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METHOD FOR PRODUCING INDOLE
DERIVATIVE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Thepresent invention relates to methods for produc-
ing an indole derivative, and more particularly to amethod for
producing a thamnosylated indolocarbazole compound or an
indole-3-carboxaldehyde analog.

[0003] 2. Description of Related Art

[0004] The family of indolocarbazole natural products has
been a valuable source of lead compounds with potential
therapeutic applications in the treatment of cancer and neu-
rodegenerative disorders. In the indolocarbazole family, les-
taurtinib has been approved by FDA for treating acute leuke-
mia, CEP-1347 has entered the phase III clinical trial for
treating Parkinson’s disease, and K-252a, K-252b and stau-
rosporine display anticancer activities. In addition, it is
known that K-252d, rhamnosyl-K,s,c, is capable of inhibit-
ing activity of protein kinase C (PKC). The PKC family plays
animportant role in cellular proliferation and signal transduc-
tion. Hence, specific inhibitors against PKC are promising
antitumor drugs for cancer chemotherapy.

[0005] S. Nakanishi et al. disclosed the extraction of
K-252d from incubation medium of a microorganism. (J.
Antibiot., 1986, 39, 1066-1071) However, such extraction
needs three purification steps to obtain only 13.3 mg of
K-252d from 8.4 L culture medium.

[0006] The synthesis of K-252d is summarized in the fol-
lowing Scheme 1.
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[0007]  As shown in Scheme I, synthesis of TDP-rhamnose
is accomplished by tandem enzymatic conversion of TDP-
glucose with NDP-glucose 4,6-dehydratase (Gdh), NDP-4-
keto-6-deoxyglucose epimerase (Epi) and NDP-4-ketorham-
nose reductase (Kre). Then, TDP-rhamnose is linked to
K-252¢ by N-glycosyltransferase to form K-252d.

[0008] Chen et al. disclosed in vitro biosynthesis of TDP-
rhamnose. (J. Biol. Chem., 2009, 284, 7352-7363) However,
this method needs to purify three enzymes, Gdh, Epi and Kre,
and several processing steps.

[0009] In addition, it is known that indole-3-carboxalde-
hyde (ICA) has anti-bacterial activity to gram positive bacte-
ria such as S. aureus or to gram negative bacteria such as E.
coli or E. faecium. Further, ICA can be modified for treating
stroke, cancer or neurodegeneration disease such as Parkin-
son’s disease. A modified ICA, 3-ICA-TSC, is an amebacide.

[0010] However, it is very complicated to purify ICA from
a microorganism. (Nat. Prod. Res., 2005, 19, 645-652) S. S.
Panda et al. disclosed chemical synthesis of ICA, which may
cause environmental problems due to usage of organic sol-
vents and toxic agents. (Indian J. Pharm. Sci., 2008, 70,
208-215)

[0011] Therefore, in order to overcome the drawbacks of
the conventional methods, the present invention provide a
novel method for in vitro simply and efficiently producing an
indole derivative.

SUMMARY OF THE INVENTION

[0012] The present invention provides a novel method for
in vitro producing a rhamnosylated indolocarbazole com-
pound. The method includes the steps of: transforming a
plasmid carrying a gene encoding N-glycosyltransferase into
a bacterial strain; expressing the gene encoding N-glycosyl-
transferase in the bacterial strain; lysing the bacterial strain to
obtain a crude enzyme extract; and adding TDP-glucose, an
indolocarbazole aglycone and a metal ion in the crude
enzyme extract for performing an enzymatic reaction to form
the rhamnosylated indolocarbazole compound.

[0013] Preferably, the bacterial strain is an E. cofi strain,
which is preferably incubated at 25-40° C.

[0014] Preferably, the N-glycosyltransferase is NokL of
Nocardiopsis sp. K-252.
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[0015] Inaccordance with the present invention, the step of
lysing is performed by a homogenizer (e.g. French press) or
sonication.

[0016] Inaccordance with the present invention, the bacte-
rial strain is lysed in a buffer selected from the group consist-
ing of Tris buffer, HEPES buffer, MOPS buffer, K,HPO,
buffer and MES buffer. Preferably, pH of the buffer is in a
range from 5 to 10, and the buffer contains 0-25% of glycerol.
[0017] In accordance with the present invention, the
indolocarbazole aglycone is a compound of formula (T) or a
compound of formula (IT), or its analog

ap

in which R=H, OH, F, Cl, Br or CH,, and wherein the rham-
nosylated indolocarbazole compound is K-252d (or its ana-
logs).

[0018] In accordance with the present invention, the metal
ion is a magnesium ion or a manganese ion, and the enzymatic
reaction is performed at 4-40° C.

[0019] Inaddition, the present invention provides a method
for in vitro producing an indole-3-carboxaldehyde analog.
The method includes the steps of: transfouning a plasmid
carrying a gene encoding NokA of Nocardiopsis sp. K-252
into an E. coli strain; expressing the gene encoding NokA in
the E. coli strain; lysing the E. coli strain to obtain a crude
enzyme extract; and adding an L-tryptophan analog of for-
mula (III)

(I

wherein R=H, OH, F, Cl, Br or CH,.
Preferably, the E. coli strain is lysed in a buffer selected from
the group consisting of Tris buffer, HEPES buffer, MOPS
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buffer, K,HPO, buffer and MES buffer, wherein pH of the
buffer is in arange from 5 to 10,and the buffer contains 0-25%
of glycerol.

[0020] Inthe following section preferred embodiments are
described. However, this is not intended in any way to limit
the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The present invention can be more fully understood
by reading the following detailed description of the preferred
embodiments, with reference made to the accompanying
drawings, wherein:

[0022] FIG. 1isaconstruct map of pCY16 according to the
present invention;

[0023] FIG. 2 is a scheme showing synthesis of K-252d
according the embodiment of the present invention;

[0024] FIG. 3 is a construct map of pJZ22 according to the
present invention; and

[0025] FIG. 4 is a scheme showing synthesis of indole-3-
carboxaldehyde analogs according the embodiment of the
present invention;

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0026] The following illustrative embodiments are pro-
vided to illustrate the disclosure of the present invention,
these advantages and effects can be apparently understood by
those in the art after reading the disclosure of this specifica-
tion. The present invention can also be performed or applied
by other different embodiments. The details of the specifica-
tion may be on the basis of different points and applications,
and numerous modifications and variations can be devised
without departing from the spirit of the present invention.
[0027] Tt is known that Nocardiopsis sp. K-252 (Nonomu-
raea longicatena K252'T, NRRL15532) produces indolocar-
bazole alkaloids of antitumor antibiotics. Thus, the inventors
constructed a fosmid genomic DNA library of Nocardiopsis
sp. K-252 by using a CopyControl fosmid library production
kit (Epicentre). As a result, the genomic library was con-
structed with a total of 5856 fosmid clones, whereas the
average sizes of genomic DNA fragments were ca. 35 kb per
clone. A 45 kb sequence contig was subsequently obtained by
DNA sequencing to cover the entire gene cluster for the
biosynthesis of the indolocarbazole compounds, K-252a and
its analogs, in Nocardiopsis sp. K-252. The DNA sequence of
nok genes responsible for biosynthesis of K-252a was depos-
ited in GenBank under accession number FIJ031030.
Sequence analysis of the 45 kb genomic sequence revealed 35
open reading frames. The inventors identified the gene nokL
(SEQ ID NO: 1; GenBank accession number: ACN29718)
encoding N-glycosyltransferase, and the gene nokA (SEQ ID
NO: 2; GenBank accession number: ACN29719) encoding
L-amino acid oxidase. The detailed description about
molecular cloning, sequence analysis and functional charac-
terization of the gene cluster for biosynthesis of K-252a and
its analogs has been published on Mol. BioSyst., 2009, 5,
1180-1191, which is entirely incorporated herein by refer-
ence.

[0028] The present invention provides a heterologous
expression system of Escherichia coli containing indolocar-
bazole N-glycosyltransferase for in vitro producing mol-
ecules exhibiting potent neuroprotective or broad anticancer
activities in a one-pot reaction.
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[0029] In the present invention, the plasmid containing the
DNA encoding N-glycosyltransferase is transformed into an
E. coli strain, which is then incubated until ODg,, being
0.3-0.7. Preferably, the N-glycosyltransferase is NokL of
Nocardiopsis sp. K-252. After adding an inducing agent, the
bacterial culture is further incubated at a 25-40[1. Then, the
culture pellet is collected and further re-suspended in a buffer
solution to be lyzed by a homogenizer (e.g. French press) or
sonication, such that the crude enzyme extract is obtained.
Preferably, the buffer solution is Tris, HEPES, MOPS,
K,HPO, or MES, the pH value of the buffer solution is in the
range from 5 to 10, and the glycerol concentration of the
buffer solution is 0-25%.

[0030] Subsequently, the crude enzyme extract is mixed
with TDP-glucose, indolocarbazole aglycone, K-252¢ or its
analog, and metal ions. The indolocarbazole aglycone is the
compound of formula (I) or the compound of formula (II), in
which R=H, OH, F, CI, Br or CH;. The metal ions are mag-
nesium ions or manganese ions. The enzymatic biosynthesis
is performed at 4-40° C.

an

[0031] Inaddition, the present invention provides a method
for in vitro producing ICA and its analogs in a one-pot reac-
tion. In the present invention, the plasmid containing the
DNA encoding [-amino acid oxidase is transformed into an
E. coli strain, which is then incubated until (ODgq, being
0.3-0.7. Preferably, the L-amino acid oxidase is NokA of
Nocardiopsis sp. K-252. After adding an inducing agent, the
bacterial culture is further incubated at a 25-40° C. Then, the
culture pellet is collected and further re-suspended in a buffer
solution to be lyzed by a homogenizer (e.g. French press) or
sonication, such that the crude enzyme extract is obtained.
Preferably, the buffer solution is Tris, HEPES, MOPS,
K, HPO, or MES, the pH value of the buffer solution is in the
range from 5 to 10, and the glycerol concentration of the
buffer solution is 0-25%.

[0032] Subsequently, the crude enzyme extract is mixed
with an L-tryptophan analog of formula (IIT), wherein R=H,
OH, F, Cl, Br or CH;. The enzymatic biosynthesis is per-
formed at 4-40C1.

Oct. 17, 2013
()
CO.H
R
R NH,
Ny
R }
R

[0033] Biochemical characterization and substrate speci-
ficity of the gene cluster for biosynthesis of K-252a and its
analogs by in vitro heterologous expression system of
Escherichia coli has been published on Mol. BioSyst., 2009,
5, 1192-1203, which is entirely incorporated herein by refer-
ence.

[0034] Embodiment of In Vitro Biosynthesis of K252d:
[0035] Construction of the NokLL Expression Plasmid

[0036] FIG. 1 shows the construct map of pCY16. The gene
nokL (SEQ ID NO: 1) of Nocardiopsis sp. K-252 was ampli-
fied on pJC3B5 by PCR with a forward primer with an Ndel
site and a reverse primer with a stop codon (TGA) followed
by an EcoRI site near 5'-end. The amplified PCR product was
ligated with blunt-ended pUC19 (NEB) at Smal to generate
pCY15. After digestion of pCY 15 with Ndel and EcoR], the
digestion fragment carrying nokl. was cloned into pET21b
vector to give pCY16 for the wild-type NokL, expression
experiments. For plasmid construction of N-terminal His,-
tagged NokL, the same digestion fragment was cloned into
pET28a to afford pCY17. For C-terminal Hisg-tagged NokL
expression, the nokl gene was amplified on pCY 16 by PCR
with primer pairs of NKLNdF1 (forward, with Ndel) and
NKLXRI1 (reverse, with Xhol). The resulting PCR product
was subsequently cloned into pET21b at the corresponding
sites to yield pMS4.

[0037] Preparation of the NokL, Cell-Free Crude Extract

[0038] The pCY16 (NokL) and pG-KIJE7 (chaperones)
plasmids were co-transformed into . coli BL21 (DE3). Cells
were grown at 37° C. in LB medium with antibiotics (100
pg/ml ampicillin and 30 pg/ml kanamycin) until ODgq,
reached 0.5. After induction with 0.1% (w/v) L-arabinose and
1 mM IPTG, the culture was allowed to grow at 30° C. for
additional 20 hours. All procedures for the preparation of
cell-free crude extract were carried out on ice or at 4° C. The
cells were harvested by centrifugation (3200 g, 15 min),
followed by resuspension with potassium phosphate buffer
(20 mM K,HPO,, pH 7.8, 15% glycerol). Cells were broken
and disrupted by two passages through a French press cell
(Spectronic Instruments) at 16 000 psi. After removal of cell
debris by centrifugation at 16000 g for 20 min, the desired
crude NokL enzyme extract was obtained for the following
enzymatic reaction.

[0039] Production of K-252d from Cell-Free Enzymatic
Reaction

[0040] The crude NokL enzyme extract (1 mL, 20 mM
K,HPO, at pH 7.8, 15% glycerol) was mixed with TDP-
glucose (1.5 mM, 1 mL, 12 mM Tris-HCI, pH7.6, 9% glyc-
erol), K-252¢ (1.27 mM, 1 mL, 50% DMSO), MgCl, (12
mM, 1 mL in H,0), and then the pH of the mixture was
adjusted to 9.0 (12 mM MgCl,, 50 mM K,HPO,). The reac-
tion of the mixture was performed at 30° C. for 24 hours.
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[0041] Identification of NokL Enzymatic Product (K252d)
[0042] After the enzymatic reaction, the above reaction
mixture was quenched by 5 ml ofthe ice-cold alcohol solution
(MeOH-EtOH). The resulting mixture was subsequently sub-
jected to centrifugation (16,000 g, 4° C.) for 2 hours to
remove precipitated proteins. The supernatant was purified
by semi-preparative RP-HPLC. Fractions containing K252d
were pooled and evaporated to remove organic solvents, fol-
lowed by extraction with ether. The ether layer containing
K252d was evaporated to remove ether and then vacuumed to
gain the K252d (2.0 mg). The purity of K252d was greater
than 95% as judged by analytical RP-HPLC. The NMR spec-
trum of K252d dissolved in D,-methanol (CD,0D) was
recorded at 500 MHz. For NMR analysis: "H-NMR (CD,0D,
500MHz) d,,1.80 (3H, d,J=7.0Hz),4.15(1H, dd, J=4.0Hz),
433 (1H,td, J=4.0 Hz), 4.55 (1H, m), 4.70 (1H, d, ]=4.0 Hz)
5.05 (2H, d, I=4.0 Hz), 6.54 (1H, d, J=10.0 Hz), 7.26 (1H, t,
J=7.0Hz),7.30(1H, t, ]-8.5Hz), 7.45 (1H,t,J=8.0Hz), 7.48
(1H,t,J=8.5Hz), 7.61 (1H, d, ]=8.5Hz), 7.72 (1H, d, J=8.5
Hz), 8.02 (1H, d, I-8.5 Hz), 9.40 (1H, d, -8.0 Hz) ppm.
*C-NMR (CD,0D, 125 MHz) &, 15.8, 47.0, 68.7, 73.3,
73.6, 78.5, 78.6, 110.5, 112.3, 116.5, 118.9, 119.7, 120.7,
121.0,121.9,123.6,124.1,126.2,126.5,126.8,129.0,129.7,
134.5,141.0,142.2,175.8 ppm. For high resolution MALDI-
TOF spectrometric analysis: C,.H,;N,O5 molecular weight
calculated as 457.163, and found m/z of 457.177 [M]*. Upon
'"H-NMR, “*C-NMR and COSY, the rhamnosylated product
was fully assigned with chemical shifts, in excellent agree-
ment with those of K-252d reported by Yasuzawa (J. Anti-
biot., 1986, 39, 1072-1078).

[0043] As summarized in the scheme of FIG. 2, the present
invention provides a novel method for in vitro producing
K-252d in a one-pot reaction without purifying any enzyme.
Furthermore, the method of the present invention can produce
various indolocarbazole derivatives by using various indolo-
carbazole aglycones.

[0044] Embodiment of In Vitro Biosynthesis of Indole-3-
Carboxaldehyde:

[0045] Construction of the NokA Expression Plasmid
[0046] FIG. 3 shows the construct map of pJZ22. The gene
nokA (SEQ IDNO: 2) of Nocardiopsis sp. K-252 was ampli-
fied on pJC3B5 by PCR with a primer pair with Ndel and
Nhel sites at the 5' and 3' ends, respectively. The amplified
PCR product preserving the stop codon was cloned into the
Ndel and Nhel sites of pET21b to generate pJZ22.

[0047] Preparation of the NokA Cell-Free Crude Extract
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[0048] The pl7Z22 (NokA) and pG-KJE7 (chaperones)
plasmids were co-transformed into £. coli BL21 (DE3). Cells
were grown at 37° C. in LB medium with antibiotics (100
pg/ml ampicillin and 30 pg/ml kanamycin) until ODg,
reached 0.5. After induction with 0.2% (w/v) L-arabinose and
0.25 mM IPTG, the culture was allowed to grow at 300 for
additional 10 hours. All procedures for the preparation of
cell-free crude extract were carried out onice or at 4° C. The
cells were harvested by centrifugation (1902 g, 20 min),
followed by resuspension with the buffer (104 mM Tris-HCl,
pH 7.6, 10% glycerol). Cells were broken and disrupted by
sonication. After removal of cell debris by centrifugation at
15700 g for 20 min, the desired crude NokA enzyme extract
was obtained for the following enzymatic reaction.

[0049] Production of Indole-3-Carboxaldehyde from Cell-
Free Enzymatic Reaction

[0050] The crude NokA enzyme extract (80 pl, 80 mM
Tris-HCI at pH 7.8, 7.6% (v/v) glycerol) was mixed with
L-tryptophan (4 mM), and then incubated in a total volume of
104 pl at 30° C. for 24 hours.

[0051] Identification of NokA Enzymatic Product (Indole-
3-Carboxaldehyde)

[0052] After the enzymatic reaction, the above reaction
mixture was quenched by an equal volume of ice-cold
MeOH, and was then subjected to reverse phase RP-HPLC
analysis using by Agilent 1100 HPLC series equipped with
quaternary pump and diode-array detector. As a result, RP-
HPLC analysis of the NokA reaction revealed a major prod-
uct peak and two minor ones. Upon characterization by NMR
and mass spectroscopy, the major product was found to be
indole-3-carboxaldehyde (ICA). ‘H-NMR (CD,OD, 500
MHz), d,, 7.170 (1H, ddd, J=1, 7.5 Hz), 7212 (1H, ddd,
J=1.5,8Hz), 7.410 (1H, d, J=8 Hz), 8.031 (1H, s), 8.091 (1H,
d, =8 Hz), and 9.822 (1H, s) ppm. *C-NMR (CD,0OD, 125
MHz), 5-113.122,120.132,122.384,123.611, 124.998, 125.
722, 138.940, 139.673, and 187.406 ppm.

[0053] As summarized in the scheme of FIG. 4, the present
invention provides a novel method for in vitro producing ICA
derivatives in a one-pot reaction without purifying any
enzyme.

[0054] The invention has been described using the exem-
plary preferred embodiment. However, it is to be understood
that the scope of the invention is not limited to the disclosed
arrangements. The scope of the claims, therefore, should be
accorded the broadest interpretation, so as to encompass all
such modifications and similar arrangements.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2

<210> SEQ ID NO 1

<211> LENGTH: 1314

<212> TYPE: DNA

<213> ORGANISM: Nonomuraea longicatena K252T
<220> FEATURE:

<221> NAME/KEY: gene encoding N-glycosyltransferase

<222> LOCATION: (1)..(1314)
«<300> PUBLICATION INFORMATION:

<301> AUTHORS: Hsien-Tai Chiu, Yi-Lin Chen, Chien-Yu Chen, Chyn Jin,

Meng-Na Lee, Yu-Chin Lin

<302> TITLE: Molecular cloning, sequence analysis and functional
characterization of the gene cluster for biosynthesis of K-252a

and its analogs
<303> JOURNAL: Mol. BioSyst.
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<304>
<306>
<307>
<308>
<309>
<300>
<301>

<302>

<303>
<304>
<306>
<307>
<308>
«<309>
<300>
<301>

<302>

<303>
<304>
<306>
«<307>
<308>
<309>

<400>

VOLUME: 5

PAGES: 1180-1191

DATE: 2009-08-04

DATABASE ACCESSION NUMBER: ACN29718

DATABASE ENTRY DATE: 2009-10-06

PUBLICATION INFORMATION:

AUTHORS: Hsien-Tai Chiu, Yu-Chin Lin, Meng-Na Lee, Yi-Lin Chen,
Mei-Sin Wang, Chia-Chun Lai

TITLE: Biochemical characteriazation and susbstrate specificity
the gene cluster for biosynthesis of Escherichia coli

JOURNAL: Mol. BioSyst.

VOLUME: 5

PAGES: 1192-1203

DATE: 2009-08-04

DATABASE ACCESSION NUMBER: ACN29718

DATABASE ENTRY DATE: 2009-10-06

PUBLICATION INFORMATION:

AUTHORS: Hsien-Tai Chiu, Yu-Chin Lin, Meng-Na Lee, Yi-Lin Chen,
Mei-Sin Wang, Chia-Chun Lai

TITLE: Biochemical characteriazation and susbstrate specificity
of the gene cluster for biosynthesies of K-252a and its analogs
by in vitro heteroclogous expression system of Escherichia coli

JOURNAL: Mol. BioSyst.

VOLUME: 5

PAGES: 1192-1203

DATE: 2009-08-04

DATABASE ACCESSION NUMBER: ACN29718

DATABASE ENTRY DATE: 2009-10-06

SEQUENCE: 1

atgttggcac acgttctgat cgcgacgace ccggctgacyg gecacgtcaa cecggtggte

ccggtegege ggaacctggt gegegecgge cacgacgtge getggtacac cggagacgge

taccggagca agatcaccege cgtcggegeg cggcatctge cgatgttege ggcegcacgac

ttetecggge agagecaagge cgaggegtte ccegeccagg cecggetcac cggegeggeg

agtttecgtcg cggggatgeg ggacatctte taccgcaccg cgeccggacca gatggacgac

ctgctecggy tgctggaccyg gttccecgeg gacgtgctygg tgtccgacga catgtgetac

ggcgegaget tegeegecga geacaccggg ctgcecgcacg tgtggatcegg caactcgate

tacgtgetgyg geageegega caccgeteeg ctegggegeg gecteggece cteggegacg

cgggegggec ggttgegeaa cgeegtgete geetgggegyg gegatcacat catgetgege

gggetgegge gggeggceega cgeggecege gegeaggegg ggctggeceg cetgegegeg

ggcgggatgy agaacategc cogecgtece gaccgetate ttgtgggcac cgtegecgay

ctggagttce cgegetcega cetgttegeg ggcacgcact tegteggege getcgacctg

cegeegtegyg acacggectt cgaccegecg cegtggtggg aggagoetgeg cggegagegg

ceggtegtge tggtcaccca gggcacgate gecgacgacg cgegecgget getectgece

gcgatceggg cgectegeega cgaaccggtg ctggtegteg tgaccaccgg caaccgcacyg

cteggccega geogcegggac getgceecgeg aacgtygcggg tggagggett cgtgecgtac

caccggetge tgccgtacgt ggacgtcatg gtcaccaacyg geggcttcaa cggegtcacg 1

goeggegetca ggcacggegt cocegetggte gtegeegggg ccacggagga gaaggeggac 1

gtggeegece gggtggegta cgegggtgee ggggtggege tgegggggge geggetegee 1

ccggageggyg tgegegecege cgtacgggeg gtgetggacyg geccggagea cegggecgee 1

geggecegge tgcacgacgc cttegecegg cacgacggec cgogeoggge cgecgagetyg 1

atcgaggaac tgatcccege cegcaccgeg cccgcecaccg gaggceccget gtga 1

<210>

SEQ ID NO 2

of

60

120

180

240

300

360

420

480

540

720

780

840

900

960

020

080

140

200

260

314
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-continued

<211> LENGTH: 1461

<212> TYPE: DNA

<213> ORGANISM: Nonomuraea longicatena K252T

<300> PUBLICATION INFORMATION:

<301> AUTHORS: Hsien-Tai Chiu, Yi-Lin Chen, Chien-Yu Chen, Chyn Jin,
Meng-Na Lee, Yu-Chin Lin

<302> TITLE: Molecular cloning, sequence analysis and functional
characterization of the gene cluster for biosynthesis of K-252a
and it analogs

<303> JOURNAL: Mol. BioSyst.

<304> VOLUME: 5

<306> PAGES: 1180-1191

<307> DATE: 2009-08-04

<300> PUBLICATION INFORMATION:

<301> AUTHORS: Hsien-Tai Chiu, Yu-Chin Lin, Meng-Na Lee, Yi-Lin Chen,
Mei-Sin Wang, Chia-Chun Lai

<302> TITLE: Biochemical characterization and susbstrate specificity of
the gene cluster for biosynthegses of K-252a and it analogs by in
vitro heterologous expression system of Escherichia coli

<303> JOURNAL: Mol. BioSyst.

<304> VOLUME: 5

<306> PAGES: 1192-1203

<307> DATE: 2009-08-04

<400> SEQUENCE: 2

atgttcagtc gtctaccgaa tgtgcgggag ccceggeggg teaccgtact gggegeggge 60
gtggecgggge tggtegceege ctacgagetg gaacggcteg ggcatcaggt ggagatcatce 120
gaggcggecg accgggtegg cggcegtgtt cacacgcace ggtteggttc ggcoccccgge 180
gcccegtteg ccgacctggg cgcgatgegg ctgcgcaccg accacacgcg taccctgeac 240
tacgtcgtcg agctgggect gcacaacgac atccgcgagt tccgcacgct gttegecgac 300
gacggcaacc tgctgtcgat ccacgacgag cggcacatca gggtgegega ggccceggac 360
gtgctcaccg gecaggctege ggcacggcte ggcgaccact cctaccggee ggccacgetg 420

ctgttegggyg cgtggctgca cgegtgcectyg gaggccateg cgccccggga cttcaacgac 480

tggccggagg tcaccaccga actgctcgat ctggtcgacg gcatcgacct ggagccgtac 540
ctgcaccccg cegggtccaa accggacctg tacgccgtgg tgaaggacca cccgcagatce 500
cgctcaggac ccttcagagg ccgcgagegg ctgetggacg acgtcectgga cgagaccage 560
cecegegetet accggetgeg cggeggcatg gagacgcetca cgaacgceget ggeegegege 720
atccagggcee ccatctggcet gaaccaggag gtgaccggga tcegeggtgca cgacgacggce 780

gtggcggtey gogtceggeg cggeggocgg atcegetace ggaactacga ccacgtactyg 840
tgcaccatce cgttcacegt getgegegge ctgeggeteg acgggttega cgcggacaag 900
ctegeegeoyg tecacgagac ccagtactygg ceggegacca agatcegeget gegetgeege 960
gagcegttet gggeegoega cggcataegee ggeggegecot cgtteacegy cgggetggte 1020
cgccagacct actaccegec cgtcgaggge gacceggege agggegeggt getgategee 1080
agctacacca tcoggeccgga cgcocgaggcg ctgggcagge tegacccgge cgcccgecga 1140
caggtggtce tggacgaggt cgcccggatg caccceggece tgcgggageg cggcatgate 1200
ctogacaccg ceggecgege gtggggegaa caccggtgga gectgggege ggccaccate 1260
cgctggggee aggacgcegg cacccgcaag gagcagcagt gggeggegge cceggccgcag 1320
ggcaggctgt tcettegeggg cgagcactge tegtecatge cggectggat cgagggegeg 1380
atcgagtegg tcaccgacge gotgcgegac atggagacce gegacccgca cgaactgatg 1440

cggctggatce tgggccgatg a 1461
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1-11. (canceled)
12. A method for in vitro producing an indole-3-carboxal-
dehyde analog, comprising the steps of:

transforming a plasmid carrying a gene encoding NokA of
Nocardiopsis sp. K-252 into a bacterial strain;

expressing the gene encoding NokA in the bacterial strain,

lysing the bacterial strain to obtain a crude enzyme extract;
and

adding an L-tryptophan analog of formula (I1T) in the crude
enzyme extract

(D)

Oct. 17,2013

wherein R=H, OH, F, Cl, Br or CH;, for performing an
enzymatic reaction to form the indole-3-carboxalde-
hyde analog.
13. The method of claim 12, wherein the bacterial strain is
an E. coli strain.

14. The method of claim 13, wherein the E. coli strain is
incubated at 25-40° C.
15. The method of claim 13, wherein the E. coli strain is

lysed in a buffer selected from the group consisting of Tris
buffer, HEPES buffer, MOPS buffer, K,HPO, buffer and
MES buffer.

16. The method of claim 15, wherein pH of the buffer is in
a range from 5 to 10.

17. The method of claim 15, wherein the buffer contains
0-25% of glycerol.

18. The method of claim 12, wherein the step of lysing is
performed by a homogenizer or sonication.

19. The method of claim 12, wherein the enzymatic reac-
tion is performed at 4-40° C.

[ I R



