(19) AUSTRALIAN PATENT OFFICE

(11) Application No.- Al 2006250304 B2

(54)  Title
Genetically modified microorganism and process for production of macrolide compound
the microorganism
(51)%  International Patent Classification(s)
C12N 15-09 (2006.01)20060101ALI2006113
C12N 1,21 (2006.01) OBHIP ciz2p
C12P 17,08 (2006.01) 17-08
ClzH  15/09 OBHIP Cizr
Z0060101AF12006113 17465
OBHJP C12N Z0060101ALKMZ00611
1-21 30BHJP
PCT-JPZ006-310835
(21) Application No: 2006250304 (22) Application Date: 2006 05 24
(87)  WIPO No:  wope,126723
(30) Priority Data
(31) Number (32) Date (33) Country
2005-154114 2005 .05 .26 JP
(43) Publication Date : 2006 11 30
7n Applicant(s)
Mercian Corporation;, Eisai R & D Management Co., Ltd.
(72) Inventor(s)
Machida, Kazuhiro, Aritoku, Yasuhide
(74) Agent/Attorney
Davies Collison Cave, 1 Nicholson Street, Melbourne, VIC, 3000
(56)  Related Art
W02005-052152 Al

using




) BHFBNAENICE TV TARSh-ERHEE

a9 RN A ESRS
BREHER

43) Bl ARAE PCT (10) B ABRES
2006 £11 B30 B (30.11.2006) WO 2006/126723 Al
(51) ERSH5E: (14 KEA: B8 K, 5 (WLRUYA, Satoshi et al), T
CI2N 15/09 (2006.01) CI12P 17/08 (2006.01) 1030007 REH P R K B RFRERAT 2-1 7-8 KA
CI2N 1721 (2006.01) CIZR 1465 (2006.01) TER L 6 B Lokyo (D).
21 ERHEES: PCT/IP2006/310835  (81) JESEE (RFDULVRY ., 2 TOFEBOEARES
TTHE: AK, AG, AL, AM, AL, AU. A% BA. BB, BG, BR,
(22) EBHEA: 2006 ££5 H24 B (24.05.2006) BW,BY, BZ, CA,CII, CN, CO,CR, CU, CZ, DE, DK, DM,
DZ. EC, EE, EG, ES, H, GB, GD, GE, Gl1, GM, LIR, 11U,
25) ERHEDSE: BA:E D, 11, IN, IS, JP, KK, KG, KM, KN, KP, KR, K¥, L.C, LK,
LR, LS, LI, LU, LV, LY, MA, MD, MG, MK, MN, MW,
(26) ERLRAD A& MX, MZ, NA, NG, Nl NO. N2, OM. FG, P11, PL, P1, RO,
(30) BEET—4: TL, 17, UA, UG, us UZ, VC, VN, YU, A, M, 7W.

71

(72)
79

$5BE2005-151114 2005 £E5 B26 A (26.05.2005)  JP

HEA (KEZBR<E2TOEERCONT): T—
A F=IbFUF Fa—T2TAL K
# &4t (FISAT R & D MANAGEMENT CO., LTD.)
[TPIPL;, T 1128088 REMXER/MGNETE 6 &
105 Tokyo (IP). AL+ s & (MERCIAN
CORPORATION) [JP/IP]; T 1048305 BRI ch R R
E—THS5%8 5 Tokyo (JP.

RBE, ELU

HEAEMHEA CREIZOWTOA): BTH 034
(MACHIDA, Kazuhiro) [JP/IP]; T 4380078 ¥4 [ 24
BAHTHR 17027336 Shizuoka (IP). Bt & F
(ARITOKL, Yasuhide) [JP/TP]; T 4380078 53[EIR4&H
MR 1727 333 Shizuoka (IP).

&4 feEE (EFOLENRY. 2TORBEOLBEEHN T
§E): ARIPO (BW, GH, GM, KE, LS, MW, MZ, XA, SD,
SL, 82, T£, UG, ZM, £W), 1— 3 % F (AM, AZ BY,
KG, K7, MD, RU, T1, TM), 3 — O /8 (AT, BE, BG,
CH, CY, CZ, DE, DK. EE, ES, FI, FR, GB, GR, HU. IE,
IS, [T LT, LU, LV, MC. NL, PL, PT, RO, S, $1, 8K, TR),
OAPI (BF, B, CF, CG, CT, CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD. TG.

EINENE -
— ERAEREE

2N FI— FRFMOBEZDWTIE, THETEND
BPCTHE Y FOBBACEBE I LTS Ta— FEBE
DAAL AR — ] 28R,

(54) Title: GTINTTICALLY MODITFIED MICROORGANISM AND PROCESS TFOR PRODUCTION OF MACROLIDE COM-
POUND USING TIIE MICROORGANISM

(54) PR R H: BEFEAAMEDB LIV ZACOHMERERAL ST/ OS5 A FRIEEHDEESE

(57) Absiract: A genetically modified microorganism capable of directly producing a 16-hydroxylated macro‘ide compound; and
a process for producing a 16-hydroxylated macrolide compound using the microorganism. Specifically, a genetically modified mi-
croorganisms having DNA encoding a polypeptide involved in the biosynthesis of a macrolide compound pladienolide and IINA
encoding a polypeplide having a pladienolide 16-hydroxylase activity; und a process [or producing a 16-hydroxylaled macrclide
compound coraprising the steps of culturing the genetically modified microorganism in a culture medium and collecting a 16-hy-
droxylated macrolide compound from the culture medium.

i (57) BH: SRS,

IRKBES 705 4 FRLAMEEREET HRETHRBAMEY. BLUTLCOEE

< FEBAREMEAVE 6bKEET S 054 FRESNOBEFRERET S, HL L, T/ 054 FRLS
WISV 54 FOERRICEE T BRUARTFFEa— FTEDNAB LU TS UI ) 51 FOI6MABLEER
EEERTARNURTFFEI—FTIDONAZET SBETHRAAMEN. SLUETNLOBRGTHRBANMED
ERBTEREL. TOBRENSIMKEEIIOS A FRIEAYERMT I LERBMETH, 16 KBL=Y
\o A4 FRIEANORETETHS.

23

WO 2006/12

2-



Description

Genetically modified microorganism and process for

production of macrolide compound using the microorganism

Field of the invention

The present invention relates to recombinant
microorganisms having the ability to produce lé-position
hydroxyl macrolide compounds, and to methods for producing
l6-position hydroxyl macrolide compounds using those

microorganisms.

Related art

Important bicactive substances have been discovered
among the various metabolites produced by the actinomycetes.
In particular, many compounds have been found having a
polyketide in the basic structure (hereunder called
polyketide compounds). Compounds having various biological
functions are known including for example the antibacterial
agents erythromycin, josamycin, tylosin, midecamycin and
mycinamicin, the antifungal agents nystatin and
amphotericin, the insecticidal agents milbemycin and
avermectin, the immune suppressors tacrolimus and rapamycin
and the anti-tumor agents daunomycin, adriamycin,
aclacinomycin and the like.

The polyketide compounds include a group of macrolide
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compounds with excellent anti-tumor activity called
pladienolides. ™“Pladienolide” is a generzl term for a

group of compounds discovered in culture of the

Streptomyces sp. Mer-11107 strain, ancd more than 50
relatives are known, beginning with 11107B (also called
pladienolide B), which is represented by the formula (A)

below (See WO 2002/060890).

(A)

Of these pladienolides, the 16-position hydroxyl
substance represented by the following formula (I) has
excellent properties including strong anti-tumor activity
and the like, but it has been difficult to produce it
efficiently because its productivity is inferior to that of

11107B.
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(wherein R is a hydrogen atom or hydroxyl group).

The compound represented by the formula (I) may be
called ME-282 when R is a hydrogen atom and 11107D or
pladienoclide D when R is a hydroxyl group.

A research group including the applicants in the
present application has subsequently discovered
actinomycetes which hydroxylates the le-position of 11107B
but which are not pladienolide-producing organisms (see WO
2003/099813 and WO 2004/050890), have obtained and
identified DNA participating in a 1é-position hydroxylation
reaction of 11107B (DNA encoding for 16-position
hydroxylating enzyme and those ferredoxins) from these
actinomycetes, and have submitted a patent application
therefor (see WO-A 2005/052152 published on June 9, 2005).

We have also obtained and identified from the
pladienolide—producihg strain Streptomyces sp. Mer-11107
polypeptides participating in biosynthesis of 11107B and
DNA encoding those polypeptides, and have submitted a

patent application therefor (see WO-2 2006/009276 published
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on January 26, 2006).

It has thus become possible to produce l6-position
hydroxyl substances more efficiently than before by
producing 11107B or the like using the Streptomyces sp. Mer
11107 strain or variants thereof and then converting the
resulting 11107B into 16-position hydroxyl substances using
other actinomycetes capable of the lé-position
hydroxylation reaction. However, because of the two-stage
reaction, the operaticnal difficulty is doubled, and it has
been therefore desired to establish a more efficient
production method.

Cases are known in which a gene coding for an enzyme
which modifies a pclyketide compound has been introduced so
as to be expressed in a strain producing the polyketide
compound, resulting in the direct production of a
polyketide compound modified by an introduced enzyme. For
example, it has been reported that direct production of 6-
hydroxy-tetracenomycin C can be achieved by introducing the
hydroxylation gene of Streptomyces fradiae Tu2717 into
Streptomyces glaucescens GLA.0 that produces tetracenomycin
C (see J. Bacteriol. 1995, vol. 177, 6126-6136).

Cases are also known in which a polyketide compound
biosynthesis gene has been introduced so as to be expressed
in a strain having an enzyme which modifies the polyketide
compound, resulting in direct production of a polyketide

compound modified by an enzyme originally present in the
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host strain. For example, it has been reported that direct
production of 6-hydroxy-tetracenomycin C can be achieved by
introducing the tetracenomycin C biosynthesis gene of
Streptomyces glaucescens GLA.0 into Streptomyces fradiae
Tu2717, which possesses an enzyme that hydroxylates the 6
position of tetracenomycin C (see J. Bacteriol. 1995, Vol.
177, 6126-6136).

In some cases, production of a modified polyketide
compound can be achieved with a strain of a different
species by introducing the polyketide compound biosynthesis
gene and a gene encoding an enzyme which modifies the
polyketide compound together into a strain of a different
species. For example, it has been reported that direct
production of 8,8a-dihydroxy-6-erythronolide B was achieved
by introducing both a 6-erythronolide B biosynthesis gene
of Saccharopolyspora erythraea and a P-450 gene of
Streptomyces antibioticus ATCC11891 into Streptomyces
lividans K4-114 as the host (see J. Antibiot. 2000, Vol. 53,

502-508) .

Disclosure of the invention

It is an object of the present invention to provide
recombinant microorganisms having the ability to produce
the 1l6-position hydroxyl macrolide compound represented by
the above formula (I). Another object is to provide a

method of producing a 16-position hydroxyl macrolide
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compound using these recombinant microorganisms.

In an effort to resolve the aforementioned problems,
the inventors used genetic engineering methods to prepare
{breed) microorganisms having both the previously isolated
and identified DNA participating in biosynthesis of 11107B
and DNA participating in a l6-position hydroxylation
reaction of 11107B, and they have found that a lé6-position
hydroxyl macrolide compound accumulated in large quantities
in the resulting culture broth. Thus, they accomplished
the present invention.

That is, the present invention relates to the
following (1) to (21).

(1) A recombinant microcrganism, which is a
microorganism having ability to produce lé-position
hydroxyl macrolide compounds represented by the formula

(I):

(wherein R represents a hydrogen atom or hydroxyl group),
and, which comprises:

(a) DNA encoding wholly or partially a polypeptide
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participating in biosynthesis of the macrolide compounds

represented by the formula (II):

()
(wherein R represents a hydrogen atom or hydroxyl group);
and

(b) DNA encoding wholly or partially a polypeptide
having 16-position hydroxylating enzyme activity with
respect to the macrolide compounds represented by the above
formula (II).

(2) The recombinant microorganism described in (1),
wherein the DNA described in the above (a) is DNA encoding
wholly or partially a polypeptide having polyketide
synthetase activity, a polypeptide having 7-position
acetylase activity, a polypeptide having 18,19-position
epoxidase activity and a polypeptide having transcriptional
regulator factor activity.

(3) The recombinant microorganism described in (1) or
{2), wherein the DNA described under (a) above is DNA
comprising:

{a-1) the continuous nucleotide sequence of nucleotides
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8340 to 27935 in the sequence No. 1;

(a~2) the continuous nucleotide sequence of nucleotides
28021 to 49098 in the sequence No. 1;

{(a-3) the continuous nucleotide sequence of nucleotides
49134 to 60269 in the sequence No. 1;

(a-4) the continuous nucleotide sequence of nucleotides
60265 to 65692 in the sequence No. 1;

(a-5) the continuous nucleotide sequence of nucleotides
6816C to 66970 in the sequence No. 1;

(a-6) the continuous nucleotide sequence of nucleotides
69568 to 68270 in the sequence No. 1; and

(a-7) the continuous nucleotide sequence of nucleotides
72725 to 70020 in the seguence No. 1, or a variant thereof.

(4) The recombinant microorganism described in (2) or
(3), wherein the DNA described under (a) above further
includes DNA encoding wholly or partially a polypeptide
having 6-position hydroxylating enzyme activity.

(5) The recombinant microorganism described in (4),
wherein the DNA encoding wholly or partially a polypeptide
having 6-position hydroxylating enzyme activity is DNA
comprising the continuous nucleotide sequence of
nucleotides 65707 to 66903 in the sequence No. 1, or a
variant thereof.

(6) The recombinant microorganism described in any of
(1) to [5), wherein the DNA described in the akove (b)

above i1s DNA selected from the group consisting of:
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{b-1) the continuous nucleotide sequence of nucleotides
1322 to 2548 in the sequence No. 2;

(b-2) the continuous nucleotide sequence of nucleotides 420
to 1604 in the sequence No. 3; and

(b-3) the continuous nucleotide sequence of nucleotides 172
to 1383 in the sequence No. 4, or a variant thereof.

{7) The recombinant microorganism described in any one
of (1) to (6}, wherein the DNA represented by (b) above is
a variant of DNA comprising the continuous nucleotide
sequence of nucleotides 1322 to 2548 in the sequence No. 2
which has 1 or 2 or more modified sites selected from the
group consisting of 1) to 6) belcw:

1) a modified site wherein the sequence cgc of nucleotides
1592 to 1594 is modified to a cedon encoding an amino acid
cther than arginine;

2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 is modified to a codon encoding an amino acid
other than methionine;

3) @ modified site wherein the sequence cgc of nucleotides
1904 to 1906 is modified to a ccdon encoding an amino acid
other than arginine;

4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified to a codon encoding an amino acid
other than arginine;

5) a modified site wherein the sequence atc of nucleotides

2054 to 2056 is modified to a codon encoding an amino acid
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other than isoleucine; and

6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modifiesd to a codon encoding an amino acid
other than leucine.

(8) The recombinant microorganism described in any one
of (1) to (6), wherein the DNA represented by (b) above is
a variant of DNA comprising the continucus nucleotide
sequence of nucleotides 1322 to 2548 in the sequence No. 2
which has 1 or 2 or more modified sites selected from the
group consisting of 1) to 6) below:

1) a modified site wherein the sequence cgc of nucleotides
1592 to 1594 is modified to a codon encoding cysteine,
methionine or proline;

2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 is modified to a codon encoding threonine or
serine;

3) a modified site wherein the sequence cgc of nucleotides
1504 to 1906 is modified to a codon encoding leucine,
isoleucine, proline, tyrosine or phenylalanine;

4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified to a codon encoding leucine,
isoleucine or proline;

5) a modified site wherein the sequence atc of nucleotides
2054 to 2056 is modified to a codon encoding phenylalanine
or valine; and

6) a modified site wherein the sequence ctg of nucleotides

10
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2528 to 2530 is modified to a codon encoding methionine,
cysteine or isoleucine.

(9) The recombinant microorganism described in any one
of (1) to (6), wherein the DNA represented by (b) above is
a variant of DNA comprising the continucus nucleotide
sequence of nucleotides 1322 to 2548 in the sequence No. 2
which has 1 or 2 or more modified sites selected from the
group consisting of 1) to 6) below:

1) a modified site wherein the sequence cgc of nucleotides
1592 to 1594 is modified to a codon encoding cysteine;

2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 is modified to a coden encoding threonine;

3) a modified site wherein the seguence cgc of nucleotides
1804 to 1906 is modified to a codon encoding leucine or
tyrosine;

4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified to a codon encoding leucine;

5} a modified site wherein the sequence atc of nucleotides
2054 to 2056 is modified to a codon encoding phenylalanine;
and

6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modified to a codon encoding methionine.

{10) The recombinant microorganism described in (1),
comprising a host having the DNA described under (a) above
into which has been incorporated the DNA described under

(b) above derived from a microorganism of a different
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species.

(11) The recombinant microorganism described in (1),
comprising a host having the DNA described under (b) above
into which has been incorporated the DNA described under
(a) above derived from a different species.

(12) The recombinant microorganism described in (1),
comprising a host having none of the DNA described under
(a) and (b) above into which has been incorporated the DNA
described under both (a) and (b) above derived from
different species.

(13) The recombinant microorganism described in any of
(1) to (12), wherein the recombinant microorganism having
the ability to produce the 16-position hydroxyl macrolide
compound represented by the formula (I) is a strain
belonging to Streptomyces genus.

(14) The recombinant microorganism described in any of
(1) to (13), wherein 50 mg or more of the 16-position
hydroxyl macrolide compound represented by the formula (I)
per 1 liter of culture broth can be produced when the
recombinant microorganism is inoculated into a 250 mL
Erlenmeyer flask containing 30 mL of the following medium,
cultured at 25°C for 4 days with rotary shaking (220 rpm)
and extracted by addition of 270 mL of acetonitrile, and
the resulting extract is analyzed by HPLC under the
following measurement conditions to assay the amount of the

lé-position hydroxyl macrolide compound represented by the

12
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formula (I).
(Medium)

Soluble starch 5%, glucose 1%, Pharmamedia 3%, CaCO;
0.1%, pH 7.5
(HPLC measurement conditions)

Device: Shimadzu HPLC 10Avp

Column: Develosil ODS UG-3 (¢ 4.6 mm x 50 mm 3 pm)

Mobile phase: 45%-55% methanol (0-5 min), 55% methanol
(5-13 min), 55% to 70% methanol (13-21 min), 70% methanol
(21-25 min)

Flow rate: 1.2 mL/min

Detecticn: UV 240 nm

Injection volume: 5 pL

Column temperature: 40°C

(15) A method of producing l6-position hydroxyl
macrolide compounds represented by the formula (I} or
pharmacologically acceptable salts thereof, or hydrates of
them, wherein the recombinant microorganism described in
any of (1) to (14) is cultured in nutritious medium, and
the 16-position hydroxyl macrolide compounds represented by
the formula (I) are collected from the culture broth
thereof.

(16) The method described in (15), wherein a
cyclodextrin is present in the culture broth.

{17) The method described in (16), wherein the

cyclodextrin is a cyclodextrin selected from the group
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consisting of B-cyclodextrin, y-cyclodextrin, partially
methylated B-cyclodextrin, dimethyl-B-cyclodextrin,
trimethyl-p-cyclodextrin, glycosyl-f-cyclodextrin and
hydroxypropyl—B—cyciodextrin.

{18) A variant of DNA comprising the continuous
nucleotide seqguence of nucleotides 1322 to 2548 in the
sequence No. 2 which have 1 or 2 or more modified sites
selected from the group consisting of 1) to 6) below:

1) a modified site wherein the sequence cgc of nucleotides
1592 to 1594 is modified to a codon encoding an amino acid
other than arginine;

2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 is modified to a codon encéding an amino acid
other than methionine;

3) a modified site wherein the sequence cgc of nucleotides
1904 to 1906 is modified to a codon encoding an amino acid
other than arginine;

4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified to a codon encoding an amino acid
other than arginine;

5) a modified site wherein the sequence atc cof nucleotides
2054 to 2056 is modified to a codon encoding an amino acid
other than isoleucine; and

6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modified to a codon encoding an amino acid

other than leucine.

14
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(19) A variant of DNA comprising the continuous
nucleotide sequence of nucleotides 1322 to 2548 in the
sequence No. 2 which have 1 or 2 or more modified sites
selected from the group consisting of 1) to 6) below:

1) a modified site wherein the sequence cgc of nucleotides
1592 to 1594 is modified to a codon encoding cysteine,
methionine or proline;

2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 is modified to a cecdon encoding threonine or
serine;

3) a modified site wherein the sequence cgc of nucleotides
1904 to 1906 is modified to a codon encoding leucine,
isoleucine, proline, tyrosine or phenylalanine;

4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified to a codon encoding leucine,
isoleucine or proline;

5) a modified site wherein the sequence atc of nucleotides
2054 to 2056 is modified to a codon encoding phenylalanine
or valine; and

6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modified to a codon encoding methionine,
cysteine or isoleucine.

(20) A variant of DNA comprising the continuous
nuclecotide sequence of nucleotides 1322 to 2548 in the
sequence No. 2 which have 1 or 2 or more modified sites

selected from the group comprising 1) to 6} below:

15
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1} a modified site wherein the sequence cgc of nucleotides
1592 to 1594 is modified to a codon encoding cysteine;

2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 is modified to a codon encoding threonine;

3) a modified site wherein the seguence cgc of nucleotides
1904 to 1906 is modified to a codon encoding leucine or
tyrosine; |
4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified toc a cedon encoding leucine;

5) a modified site wherein the sequence atc of nucleotides
2054 to 2056 is modified to a codon encoding phenylalanine;
and

6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modified to a codon encoding methionine.

(21) A polypeptide encoded by the variant of DNA
described in any of (18) to (20).

The terms in the present specifications are defined as
follows.

A “recombinant microorganism” is a microorganism
(bacteria, actinomycete, yeast, mould or the like)
comprising a gene derived from another organism introduced
into a specific microorganism by genetic recombination, and
the genetic introduction technigues used therefor are not
limited to genetic recombination using plasmids and other
vectors but include techniques of homologous recombination

and the like.
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“Variant of DNA” means:

(1) DNA that hybridizes under stringent conditions with the
original DNA;

(2) DNA with a nucleotide sequence having 70% or greater
homology with the nucleotide sequence of the original DNA;
(3) DNA having a nucleotide sequence complementary to the
nucleotide sequence of the original DNA; or

(4) DNA which does not hybridize under stringent conditions
with the original DNA due to degeneracy of a gene codon,
but which has a nucleotide sequence coding for the same
amino acid sequence as the amino acid sequence coded for by
the DNA defined in any of (1) to (3}.

“DNA that hybridizes under stringent conditicons” means
for example DNA obtained by colony hybridization, plaque
hybridization, Southern hybridization or the like using the
original DNA as the probe, and specifically may be DNA
which can be identified using a filter having DNA derived
from a colony or plaque fixed thereon by first hybridizing
at 65°C in the presence of 0.7 to 1.0 M sodium chloride,
and then washing the filter at 65°C using an 0.1 to 2x
concentration SSC solution (an SSC solution with a 1x
concentration comprising 150 mM sodium chloride and 15 mM
sodium citrate).

A “relative” is a compound that has the same framework
characterizing the chemical structure but that differs in

terms of the form of modification or the form of the side

17
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chain.

“l16~-position hydroxylating enzyme activity” means the
activity of converting the l16-position hydrogen atom of
macrolide compound (II) into a hydroxyl group.

“6-position hydroxylating enzyme activity” means the
activity of converting the 6-position hydrogen atom of the
macrolide compound (sometimes called ME-265) represented by

the following formula (B) into a hydroxyl group.

(B)
“Polyketide synthetase activity” means the activity of
synthesizing the macrolide compound represented by the

following formula (E):

(E)

“J-position acetylase activity” means the activity of

converting the 7-position hydroxyl group in the macrolide

18
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compound represented by the following formula (C) into an

acetyl group.

(C)

(wherein R represents a hydrogen atom or hydroxyl group).
18, 19-position epoxidase activity” means the activity

of converting an epoxy group for the 18,19-position double

bond in the macrolide compcund represented by the following

formula (D):

(D)
(wherein R represents a hydrcgen atom or hydroxyl group).

“Transcription regulator activity” means the activity
of regulating the transcription of DNA encoding a
polypeptide participating in biosynthesis of macrolide
compound (II).

According to the present invention, a recombinant

19
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microorganism can be obtained having DNA encoding a
polypeptide participating in biosynthesis of macrolide
compound (II) and having DNA encoding a polypeptide having
l6-position hydroxylating enzyme activity with respect to
macrolide compound (II), and capable of direct fermentative
production of 16-position hydroxyl macrolide compound (I).
l6-position hydroxyl macrolide compound (I) can be produced
efficiently by culturing that recombinant microorganism and
collecting the compound from the culture broth.
Particularly, l6-position hydroxyl macrolide compound
(I} can be produced more efficiently and selectively, by
applying DNA encoding a polypeptide which has lé6-position
hydroxylating enzyme activity, in which polypeptide the
amino acid sequence has been partially modified, to the

above-mentioned method.

Brief description of the drawings

Fig. 1 shows the biosynthesis pathway of pladienclides
in Mer-11107.

Fig. 2 shows the correspondence between cosmids and
each of ORFs of DNA participating in biosynthesis of
pladienolides in Mer-11107.

Fig. 3 shows the structure of plasmid pKU253.

Fig. 4 shows the structure of plasmid

pUC19aph::oriT::intphiC31.

20
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Detailed Description of the Invention

Embodiments of the present invention are explained in
detail below.

DNA encoding a polypeptide participating in
biosynthesis of macrolide compound (II) in the present
invention can be obtained by a method known in the field
(such as the colony hybridization method described in

Molecular Cloning, 2™ Edition) from the cultured mycelia

of a microorganism capable of producing that macrolide
compound. This microorganism may be any capable of
producing the macrolide compound, regardless of species or
strain, but strains belonging to the Streptomyces genus of
the actinomycetes are preferred. One example is the
Streptomyces sp. Mer-11107 strain, which has been isolated
from soil. Mer-11107 was deposited as FERM P-18144 at the
National Institute of Bioscience and Human-Technology
Agency of Industrial Science and Technology (1-3, Higashi
1-chome Tsukuba-shi, Ibaraki-ken 305-8566 Japan) as of
December 19, 2000, and then transferred to Internatiocnal
Deposit FERM BP-7812 at International Patent Organism
Depositary (IPOD) National Institute of Advanced Industrial
Science and Technology (Tsukuba Central 6, 1-1, Higashi 1-
Chome, Tsukuba-shi, Ibaraki-ken 305-8566 Japan) as of
November 27, 2001.

The operaticns for obtaining the target DNA are

outlined below using the Mer-11107 strain as an example.
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Recombinant DNA obtained by ccnnecting genomic DNA of Mer-
11107 that has been partially digested with a suitable
restriction enzyme together with a cosmid vector capable of
replication in E. coli that has been digested with a
suitable restriction enzyme is incorporated inte E. celi to
obtain transduced strains. The multiple transduced strains
obtained above are then screened using a fragment of a
known hydroxylating enzyme {(cytochrome P450 enzyme) gene as
the probe, and the transduced strains that hybridize to the
probe are selected. DNA that hybridizes to the
hydroxylating enzyme gene present in the selected cosmids
is then obtained and sequenced. This is then introduced
into E. coli, and once it has been confirmed that the
transformed E. coli has 6-position hydroxylating enzyme
activity, DNA coding for this 6-position hydroxylating
enzyme can be used as the probe in Southern hybridization
to select, cosmids comprising a macrolide compound
biosynthesis gene cluster neighboring DNA coding for the 6-
position hydroxylating enzyme from the multiple positive
clones (cosmids) obtained above, and the target DNA is
obtained by organizing these cosimids. Details of all
these operations are described in Reference Example 1 and
also in WO-A 2006/009276, specifications submitted by the
applicants in this case, and these can be used for
reference.

A nucleotide sequence obtained in this way (amino acid
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sequence in the coding sequence) comprising the region
surrounding of DNA coding for a polypeptide participating
in biosynthesis of macrolide compound (II) is represented
by the Sequence No. 1 in the sequence listing.

The DNA represented by the Sequence No. 1 includes 8
open reading frames (ORFs): pldA I (nucleotides 8340 to
27935), pldA II (nucleotides 28021 to 49098), pldA III
(nuclectides 49134 to 60269), pldA IV (nucleotides 60269 to
65692), pldB (nucleotides 65707 to 66903), pldC
(nucleotides 68160 to 66970), pldD (nucleotides 69568 to
68270) and pldR (nucleotides 72725 to 70020).

Of these DNAs, pldA I, pldA II, pldA III and pldA IV
have several transcripticn reading frames each including
one or more repeating units called modules in the same way
as other known polyketide biosynthesis genes. As explained
below, each module codes for all or some domains selected
from the acyl carrier protein (ACP), pB-ketoacyl ACP
synthetase (KS), acyl transferase (AT) domains, which
participate in condensation reactions in polyketide
synthesis, and the ketoacyl reductase (KR}, dehydrogenase
(DH) and enoyl reductase (ER) domains, which parzicipate in
B-position carbonyl group modification reactions, and the

final module includes the thioesterase (TE) domain, which

removes the polyketide chain from the polyketide synthetase.

Fig. 1 shows the biosynthesis pathway of a macrolide

compound in the Mer-11107 strain. Unlike the other modules
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the loading module has the central cysteine replaced by
glutamine, indicating that pldA I participates in the
initial reaction. Module 10 includes a thicesterase (TE)
domain, indicating that pldA IV participates in the final
reaction of synthesizing the basic polyketide skeleton.
Once the basic skeleton of the polyketide has been formed
in this way, it is modified by the 18,19%-position epoxidase
coded for by pldD, the 7-positicn acetylase encoded by pldC
and the 6-position hydroxylase encoded by pldB to
biosynthesize macrolide compound (II). Macrolide compound
(IT) in which R is a hydrogen atom can be produced by
either deleting pldB or modifying it so that it does not
express its function. PldR, which has high homology with
the aveR gene encoding a transcription regulator factor in
avermectin biosynthesis, encodes a DNA transcription
regulator factor participating in biosynthesis of macrolide
compounds.

In the present invention, DNA encoding a polypeptide
having 16-position hydroxylating enzyme activity with
respect to macrolide compound (II) can be obtained by
nethods well known in the field (such as the colony
hybridization method described in Molecular Cloning, 2™
Edition) from cultured mycelia of a microorganism having
l6-position hydroxylation ability with respect to the
macrolide compound. Any microcrganism having the ability

to convert the lé6-position hydrogen atom of the macrolide

24

-2B-




compound to a hydroxyl group can be used regardless of
species or strain, but desirable examples include strains
belonging to the actinomycetes. Examples of these include
the Streptomyces sp. A-1544 strain and the Streptomyces sp.
Mer-11107 strain and the Streptomyces sp. A-1560 strain.
The A-1544 strain was deposited as FERM P-18943 at
International Patent Organism Depositary National Institute
of Advanced Industrial Science and Technology (Tsukuba
Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi, Ibaraki-ken
305-8566 Japan) as of July 23, 2002, and then transferred
to International Deposit FERM BP-8446 as of July 30, 2003,
at International Patent Organism Depositary (IPOD) National
Institute of Advanced Industrial Science and Technology
{(Tsukuba Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi,
Ibaraki-ken 305-8566 Japan). The A-1560 strain was
deposited as FERM P-19585 at Interngtional Patent Organism
Depositary National Institute of Advanced Industrial
Science and Technology (Tsukuba Central 6, 1-1, Higashi 1-
Chome, Tsukuba-shi, Ibaraki-ken 305-8566 Japan) as of
November 13, 2003 and then transferred to International
Deposit FERM BP-10102 as of August 19, 2004, at
International Patent Organism Depositary (IPOD) National
Institute of Advanced Industrial Science and Technology
{Tsukuba Central 6, 1-1, Higashi 1-Chome, Tsukuba-shi,
Ibaraki-ken 305-8566 Japan).

The operations for obtaining the target DNA are
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outlined below using the A-1544 strain as an example.
Genomic DNA oI A-1544 is first prepared and subjected to
PCR using primers prepared based on the sequence
information for a known hydroxylating enzyme gene
(cytochrome P450 enzyme) to obtain a specifically amplified
DNA fragment which is then sequenced. The nucleotide
sequence of the neighboring region upstream and downstream
from the cloned DNA fragment is then amplified by an
inverse PCR (Cell Technology Vol. 14, pp. 591-593, 1995)
based on the resulting sequence and cloned, and the
sequence 1s analyzed. Details of all these operations are
described in Reference Example 2 (A-1544 strain), Reference
Example 3 (Mer-11107 strain) and Reference Example 4 (A-
1560 strain}), and also in WO-A 2005/052152 published on
Jure 9, 2005, and these can be used for reference.

The DNA (including neighboring region) thus obtained
from A-1544 strain which encodes a polypeptide having 16-
position hydroxylating enzyme activity with respect to
macrolide compound (II) is represented by the Sequence No.
2 in the sequence listing. The DNA represented by the
Sequence No. 2 includes two open reading frames (ORFs),
psmA (nucleotides 1322 to 2548) and psmB (nucleotides 2564
to 2761), which encode 16-position hydroxylating enzyme and
ferredoxin, respectively.

Similarly, DNA (including neighboring region) encoding

a polypeptide having 16-position hydroxylating enzyme
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activity with respect to macrolide compound (II) obtained
from Mer-11107 is represented by the Sequence No. 3 in the
sequence listing. This DNA represented by the Sequence No.
3 includes two open reading frames (ORFs), bpmaA
(nucleotides 420 to 1604) and bpmB (nucleotides 1643 to
1834), which encode l6-position hydroxylatinge enzyme and
ferredoxin, respectively.

DNA (including neighboring region) encoding a
pelypeptide having l6—positi9n hydroxylating enzyme
activity with respect to macrolide compound (II) obtained
from A-1560 is represented by the Sequence No. 4 in the
sequence listing. This DNA represented by the Sequence No.
4 includes two open reading frames (ORFs), tpmA
(nucleotides 172 to 1383) and tpmB (nucleotides 1399 to
1593), which encode l6-position hydroxylating enzyme and
ferredoxin, respectively.

Further, variants of the above-mentioned variocus DNA
which encodes a polypeptide having l6-position
hydroxylating enzyme activity can be obtained by the
following procedures. First, the site-directed
modification is conducted, based on the original DNA
sequence information, and then the resulting site-directed
variant of DNA is introduced into the host. Thus, the
cbjective variants can be selected and obtained by using
the highly selective and active l6-position hydroxylating

enzyme of the variant of DNA of the resulting recombinant
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microorganism as the index. The site-directed modification,
for example, can be conducted by using, as a template, a
plasmid cloning the original DNA and using the primer
constructed based on the sequence information thereof,

using a commercially available kit such as QuickChange™
Site-Directed Mutagenesis Kit (Stratagene Co.).

Among these variants, as those having high l6-position
hydroxylating enzyme activity and further high selectivity,
for example, in the case of psmA encoding l6-position
hydroxylating enzyme and being obtained from A-1544 strain,
the variant of DNA having the continuous nucleotide
sequence of nucleotides 1322 to 2548 in the Sequence No. 2
anc 1 or 2 or more modified sites selected from the group
consisting of the following 1) to 6) may be included:

1) a modified site wherein the sequence cgc of nucleotides
1582 to 1594 is modified to a codon encoding an amino acid,
preferably cysteine, other than arginine;

2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 s modified to a codon encoding an amino acid,
preferably threonine, other than methionine;

3) a modified site wherein the sequence cgc of nucleotides
1804 to 1906 is modified to a codon encoding an amino acid,
preferably leucine or tyrosine, other than arginine;

4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 s modified to a codon encoding an amino acid,

preferably leucine, other than arginine;
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5) a modified site wherein the sequence atc of nucleotides
2054 to 2056 is modified to a codon encoding an amino acid,
preferably phenylalanine, other than isoleucine; and

6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modified to a coden encoding an amino acid,
preferably methionine, other than leucine.

The recombinant of the present invention is a
recombinant microorganism having the aforementioned “DNA
encoding a polypeptide participating in biosynthesis of
macrolide compound (II)” and “DNA encoding a polypeptide
having 16-position hydroxylating enzyme activity with

’”

respect to macrolide compound (II),” and can be prepared by
the methods shown under A) to C) below.

A) “DNA encoding a polypeptide having 16-position
hydroxylating enzyme activity with respect to macrolide
compound (II)” is incorpcrated into a host that originally
has “DNA encoding a polypeptide participating in
biosynthesis of macrolide compound (II}”.

B) “DNA encoding a polypeptide participating in
biosynthesis of macrolide compound (II}” is incorporated
into a host that originally has “DNA encoding a polypeptide
having l6-position hydroxylase activity with respect to
macrolide compound (II)”.

C) “DNA encoding a polypeptide participating in
biosynthesis of macrolide compound (II)” and “DNA encoding

a polypeptide having l6-position hydroxylating enzyme
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activity with respect to macrolide compound (II}” are both
incorporated into a host that originally possesses neither
DNA.

The host for the recombinant of the present invention
may be any microorganism capable of incorporating the
target DNA and producing the target 1lé-position hydroxyl
macrolide compound, but an example c¢f a preferred
microorganism is a strain belonging to the Streptomyces
genus of actinomycetes. For example, Streptomyces sp. Mer-
11107 or the like can be used in method A) above, while
Streptomyces sp. A-1544, Streptomyces sp. Mer-11107 or
Streptomyces sp. A-1560 can be used in method B) above. In
method C), a strain of Escherichia coli or the like can be
used.

There are no particular limits on the method of
incorporating the target DNA and causing it to be expressed
in a host, but for example the methods described in
Molecular Cloning, 2™ Edition or Current Protocols in
Molecular Biology can be used. There are no particular
limits on the host and plasmid vector system as long as the
target DNA can be stably maintained and expressed in the
host. The plasmid may include self-replicating sequences,
promoter sequences, terminator sequences, drug-resistance
genes and the like in addition to the target DNA, and the
plasmid may be either a self-replicating plasmid or an

integrative plasmid having a sequence homologous to a
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specific region in the genome of the anticipated host. The
target DNA may be incorporated into a site either on the
plasmid or on the genome of the host microorganism.

If tke host is an actinomycete or related strain, the
self-replicating vector plJ6021 (Gene, 166, 133-137 (1995))
or the genome integration vector KC515 (The Bacteria Vol. 9,
Antibiotic-producing Streptomyces (ed. Queener, S.E. and
Day, L.E.}, pp. 119-158, Academic Press, Orlando, Fla) can
be used.

Examples of self-replicating sequences include rep
pIJ101 (1988, J. Bacteriol., 170, 4634-4651), rep SCP2
(1981, J. Gen. Microbiol., 126, 427-442), pUCl9 (Gene, 33
(1), 103-119 (1985)) and the like, while examples of
promoter sequences include ermEp (Mol. Microbiol., 1994,
Nov; 14(3): 533-45), SnpAp (J. Bacteriol. 1992, May;
174(9): 2797-2808) and the like, examples of terminator
sequences include ter(mmr) (Gene, 1987; 58(2-3): 229-41),
fd terminator (Nucleic Acids Res., 5(12), 4495-4503 (1978)
and the like, and examples of drug-resistance genes include
hyg (Nucleic Acids Res., 4(14), 1565-1581 (1986)), tsr (Mol.
Gen. Genet., 199(1}, 26-36 (1985)) and the like. The
microorganism of the present invention can be easily
prepared by a person skilled in the art following the
descriptions of the present specification.

A recombinant microorganism prepared in this way can

be cultured, and productivity of lé6-position hydroxyl
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macrolide compound (I) can be evaluated and selected for to
obtain a strain with a high level of productivity of the
macrolide compound. That is, a recombinant organism having
the ability to produce 50 mg or more of the macrolide
compound per 1 liter of culture broth can be obtained at a
high rate of about 40%, while one having the ability to
produce 100 mg or more per 1 liter of culture broth can be
cbtained at a high rate of about 30%.
{Method of evaluating productivity)

The recombinant microorganism is inoculated into a 250
mL Erlenmyer flask containing 30 mL of medium, (soluble
starch 5%, glucose 1%, Pharmamedia 3%, CaCO3 0.1%, pH 7.5),
cultured with rotary shaking (220 rpm) for 4 days at 25°C
and extracted by addition of 270 mL acetonitrile, and the
resulting extract is analyzed by HPLC under the following
measurement conditions to assay the concentration of
accumulated 16-position hydroxyl macrolide compound (I).
(HPLC measurement conditions)
Device: Shimadzu HPLC 10Avp

Column: Develosil ODS UG-3 (p 4.6 mm x 50 mm 3 pm)

Mobile phase: 45%-55% methanol (0 to 5 min), 55%
methanol (5 to 13 min), 55%-70% methanocl (13 to 21 min),
70% methanol (21 to 25 min)

Flow rate: 1.2 mL/min

Detection: UV 240 nm

Injection volume: 5 uL
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Column temperature: 40°C

The recombinant microorganism of the present invention
can be inoculated into a nutrient medium and culture
aerobically, and lé-position hydroxyl macrolide compound
(I) or a pharmacologically acceptable salt thereof, or a
hydrate of them can be obtained from the resulting culture
broth.

In principle the recombinant microorganism can be
cultured by ordinary culture methods for microorganisms,
but culture under aerobic conditions such as culture with
aeration and agitaion or shaking culture in the case of a
liquid culture is normally preferred. As the medium used
for cultivation, any medium may be used insofar as it
contains nutrients which these microorganisms can utilize,
and various synthetic medium, semi-synthetic medium and
organic medium may be all utilized. As the medium
composition, various carbon sources such as glucose,
sucrose, fructose, glycerin, dextrin, starch, molasses and
soybean oil may be used either singly or in combinations.
As the nitrogen source, there can be used a single or a
combination of organic nitrogen sources such as Pharmamedia,
peptone, meat extract, soybean meal, casein, amino acid,
yeast extract or urea, and inorganic nitrogen sources such
as sodium nitrate or ammonium sulfate. Additionally, for
example, there can be added and used salts such as sodium

chloride, potassium chloride, calcium carbonate, magnesium
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sulfate, sodium phosphate, potassium phosphate or cobalt
chloride; heavy metal salts; vitamins such as vitamin B or
biotin, if necessary. Further, when foaming is remarkable
during cultivation, various antifcaming agents can be
appropriately added in the medium. Chemicals necessary for
maintaining drug-resistant genes may also be added as
necessary. When the antifoaming agent is added, it is
required to set at a concentration for not adversely
affecting the production of an objective substance.

The concentration of the accumulated 16-position
hydroxyl macrolide compound can be increased by addition of
cyclodextrins in the culture broth when producing 16-
position hydroxyl macrolide compound (I) by cultivation of
the recombinant microorganism of the present invention.
Examples of cyclodextrins to be used in the present
invention include B-cyclodextrin, y-cyclodextrin, partially
methylated B-cyclodextrin, dimethyl-B-cyclodextrin,
trimethyl-B-cyclodextrin, glycosyl-B-cyclodextrin and
hydroxypropyl-B-cyclodextrin. Each of them may be used
singly or in a compination with another.

The amount of cyclodextrin added to the culture broth
is preferably 0.5% to 5%. Addition is preferably at the
beginning of cultivation or during cultivation.

The culture conditions can be selected appropriately
within the range at which the microorganism grows well and

can produce l6-position hydroxyl macrolide compound (I).
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For example, the pH of the medium is kept at 5 to 9 of near
normally the neutral range. The culture temperature is
normally 20 to 40°C or preferably 23 to 35°C. Cultivation
is 2 to 12 days or normally 3 to 10 days. Of course, the
various culture conditions described above can be changed
and optimal conditions selected appropriately depending on
the type of microorganism used, the external conditions and
the like. Common methods used for isclation and
purification of microbial metabolites from culture broth
can be used to isolate and purify the 16-position hydroxyl
macrolide compound (I) which accumulates in the culture
broth. Possible methods include all known methods such as
organic solvent extraction with methanol, ethanol, butanol,
ethyl acetate, chloroform, acetone, toluene or the like,
various forms of ion-exchange chromatography, gel
filtration chromatography using Sephadex LH-20 or the like,
adsorption chromatography using activated charcoal, silica
gel, adsorbent resin (Diaion HP20) or the like, adsorption-
desorption by thin layer chromatography and high-
performance liquid chromatography using a reverse-phase
column and the like, and are not limited to the methods
indicated herein. These methods may be used singly or in
corbinations of two or more in an optional order or
repeatedly, which makes it possible to isolate and purify

the target 1l6-position hydroxyl macrolide compound (I).
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Examples
The present invention is explained in detail below
using examples, but the present invention is not limited by
these examples. In the explanations below, concentrations
of medium components are expressed as weight percentages
unless otherwise specified.
Reference Example 1: Obtaining DNA encoding polypeptide
involved in biosynthesis of macrolide compound (II)
(1) Cultivation of Mer-11107 and isolation of genomic DNA
Hyphae of Streptomyces sp. Mer-11107 were incculated
into 25 mL of Tryptic Soy Broth, and cultured with shaking
at 28°C for 3 days. Genomic DNA was prepared from the
resulting culture broth according to the methods described
under “Isoclation genomic DNA” (pp. 162-170) in D.A. Hopwood

et al’s Practical Streptomyces Genetics (The John Innes

Foundation, Norwich, England, 2000).
(2) Preparation of Mer-11107 genomic library

160 puL of sterile purified water, 200 puL of Mer-11107
genome DNA solution (1 mg/mL), 40 pL of 10x concentration M
buffer solution (100 mM Tris-HCl (pH 7.5), 100 mM MgCl,, 10
mM dithiothreitol, 500 mM NaCl) and 1 pL of restriction
enzyme Sau3AI (1l unit/upL) were mixed and ircubated at 37°C
for 3 minutes. 50 pl was then taken out and extracted with
50 pL of phenol-chloroform mixture
(phenol:chloroform:isoamyl alcohol=25:24:1, volume ratio),

the aqueous layer was collected and extracted again with 50
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pL of chloroform , and the aqueous layer was again
collected. 5 pL of 3 M sodium acetate (pH 6.0) and 150 uL
of ethanol were added to the liquid, which was then left at
-80°C for 30 minutes and centrifuged to collect the
precipitated DNA. After being washed in 70% ethanol, this
DNA was dissolved in 90 pL of sterile purified water, and
incubated at 37°C for 3 hours after addition of 10 pL of 10
times concentration BAP buffer solution (500 mM Tris-HCl
{pH 9.0), 10 mM MgCl;) and 5 uL of bacterial alkaline
phosphatase (0.5 unit/uL, Takara Bio Inc.). The reaction
liquid was extracted with 100 pL of phenol-chloroform
mixture (phenol:chloroform:isoamyl alcohol=25:24:1, volume
ratio), the aqueous layer was collected and extracted again
with 100 pL of chloroform, and the aqueous layer was again
collected. 10 uL of 3 M sodium acetate (pH 6.0) and 300 uL
of ethanol were added to this liquid, which was then left
at -80°C for 30 minutes and centrifuged to collect the
precipitated DNA. After being washed in 70% ethanol, this
DNA was dissolved in 20 pL of TE buffer solution (10 mM
Tris-HC1 [pH 8.0}, 1 mM EDTA).

Meanwhile, 10 pg of SuperCos cosmid vector (Stratagene
Co.) was digested with restriction enzyme Xbal in
accordance with the Stratagene manual, the DNA terminals
were de-phosphorylated with calf intestinal alkaline
phosphatase (Takara Bio Inc.), and after being digested

with restriction enzyme BamHI and purified, this was
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dissolved in 10 pL of TE buffer sclution. 2.5 pL of the
Sau3Al partial digest solution of Mer-11107 DNA described
above was added to 1lpL of this cosmid DNA solution, and 1.5
UL of sterile purified water, 5 pL of DNA Ligation Kit
(Takara Bio Inc.) Solution II and 10 pL of Solution I were
added in that order and incubated at 23°C for 10 minutes.
4 pL of the reaction liquid was packaged into a lambda-
phage using Gigapack III XL Kit (Stratagene Co.). When the
resulting packaged liquid (total 500 pl) was subjected to a
transduction test, colony formation ability was tested at
380 cfu (colony forming units)/pL.
(3) Preparation of various probes
(3-1) Preparation of probes comprising keto synthetase
ceding regions

The following two primers, KS-3F and KS-4R, were
synthesized based on sequences that are normally conserved
in the keto synthesis domains of polyketide synthetases
(see the Sequence Nos. 5 and 6).

KS—-3F: 5’ -GACCGCGGCTGGGACGTGGAGGG-3'

KS-4R: 5'~GTGCCCGATGTTGGACTTCAACGA-3’

These primers were used to carry out PCR under the
following conditions.
(PCR reaction liquid composition)

Sterile purified water 31 pL

2% concentration GC buffer 50 L

dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and
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GCTP) 16 uL

KS-3F (100 pmol/pL) 0.5 uL
KS-4R (100 pmol/pL) 0.5 pL
Mer-11107 total DNA (100 ng/upL) 1 uL
LA Taq polymerase (5u/uL, Takara Bio Inc.) 1 uL

(Reaction temperature conditions)

95°C 3 minutes

(98°C 20 sec, 63°C 30 sec, 68°C 2 min) 30 cycles

72°C 5 minutes

The 930 bp DNA fragments amplified as a result of this
reaction were electrophoresed on 0.8% agarose gel, and the
isolated 930 bp DNA fragments were excised and collected
and purified using SUPREC-01 (Takara Bio Inc.). Using 10
ng of the resulting DNA fragments as the template, 930 bp
DNR fragments comprising the keto synthetase coding region
were amplified again under the same PCR conditions as above
except that the number of reaction cycles was changed to 20.
These DNA fragments were concentrated and purified using
SUPREC-02 (Takara Bio Inc.), and 50pL of the resulting TE
sclution was taken as the probe solution.
(3-2) Preparation of probe comprising cytochrome P450 gene
region

Two known cytochrome P450 genes were amplified from
actinomycetes for purposes of preparing a cytochrome P450
gene probe. That is, the two primers CB-1F and CB-2R

comprising the sequences showed below (see the Sequence
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Nos.7 and 8) were synthesized for purposes of amplifying
the ORF-A gene derived from Streptomyces thermotolerans
ATCCl11416 (Biosci. Biotechnol. Biochem. 59: 582-588, 1935).

CB-1F: 5’ ~-ATGACAGCTTTGAARTCTGATGGATCCC-3'

CB-2R: 5’ -TCAGAGACGGACCGGCAGACTCTTCAGACG-3*

Meanwhile, the two primers PKC-1F and PKC-2R
comprising the sequences shown below (see the Sequence Nos.
S and 10) were synthesized for purposes of amplifying the
pik-C gene derived from Streptomyces venezuelae ATCC15439
(Chem. Biol. 5: 661-667, 1998).

PKC-1F: 5’ -GTGCGCCGTACCCAGCAGGGAACGACC-3’

PKC-2R: 5'-TCACGCGCTCTCCGCCCGCCCCCTGCC-3"

These primers were used to carry out PCR under the
following conditions.

(PCR reaction liquid composition)

Sterile purified water 31 pL

2x concentration GC buffer 50 uL

dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and

dCTP) 16 nL
primer-r (100 pmol/uL) 0.5 pL
primer-R (100 pmol/uL) 0.5 pL

ATCC11416 or ATCC15439 genome DNA (100 ng/ulL) 1 upL

LA Taq polymerase (5u/pL), Takara Bio Inc.) 1 ulL
(Reaction temperature conditions)

85°C, 3 minutes

(98°C 20 sec, 63°C 30 sec, 68°C 2 min) 30 cycles
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72°C, 5 minutes

The two 1.2 kb DNA fragments amplified as a result of
this reaction were puarified by QIAGEN PCR Purification Kit
(QIAGEN Co.), and a mixed solution comprising 10 ng/upL of
each DNA fragment was prepared and used as the probe.
(4) Screening using probe comprising keto synthetase coding
region

An E. coli ¥XL-1Blue MR host (Stratagene Co.) was
transduced with the Mer-11107 genome DNA library packaged
solution prepared in the above (2) in accordance with the
Stratagene manual. After transduction the bacterial
suspension was dispensed and spread onto ten LB-50 pg/mL
ampicillin-1.5% agar medium plates (inner diameter 90 mm,
height 15 mm), and cultured for 18 hours at 37°C. The
colonies growing on each plate were transferred to
HybondoN+ filters (Amersham Biosciences), &lkali and
neutral treated under the conditions described in the
manual for the HybondoN+ filters, and dried for 2 hours at
80°C to fix DNA derived from the colonies onto the filters.

The genome DNA library was screened by colony
hybridization using an AlkPhos Direct System (Amersham
Biosciences) with 100 ng of the 930 bp DNA fragment
comprising the keto synthetase region prepared under {3-1)
above as the probe. Hybridization was performed for 2
hours at 65°C at a salt concentration of 0.5 M NaCl. The

conditions for hybridization and detection were those
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described in the manual attached to the AlkPhos Direct
System. Of the roughly 7,600 coleonies tested, 59 colonies
which hybridized strongly with the alkali phosphatase-
labeled probe were isolated. Cosmids were extracted and
purified from E. coli clones derived from these colonies.
(S) Selection and verification of cosmid clones having
pladienolide biosynthesis gene region using probe
comprising cytochrome P450 gene region

Two pL of each of the cosmid DNA solutions cbtained
under the above (4) was spotted onto a HybondoN+ filter,
alkali and neutral treated under the ccnditions described
in the attached manual, and dried for 2 hours at 80°C to
fix the DNA on the filter. Hybridization was performed
with these filters under the same conditions as in the
abcve (4) using the cytochrome P450 gene fragment described
under the above (3} as the probe. One cosmid that
hybridized strongly with the probe was selected as a result
and named pKSS58.

The pKS58 DNA was partially digested with Sau3AI
restriction enzyme, ligated with the BamHI-CIAP treated
phage vector Zap Express (Stratagene Co.), and packaged
into a lambda phage using a Gigapack III XL Kit (Stratagene
Co.}). E. coli XL1-Blue MRF’ was infected with this phage
solution, and made to form a plague. Plaque hybridization
was performed using the cytochrome P450 gene probe prepared

in the above (3-2) to subclone an approximately 2 kb lengh
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DNA fragment containing cytochrome P450 gene.

This cytochrome P450 gene DNA fragment was seguenced,

and two primers PDL58-1F and PDL58-2R (see the Sequence Nos.

11 and 12} having the sequences shown below were
synthesized from the N- and C-terminals, which are

considered to be the cytochrome P450 coding regions,

PDL58-1F: 5’-GCCCCGCATATGGATCTGGAAACCCAACTTCTC-3/

PDL58-2R: 5'-GCACTAGTCAGCCGCGCTCGACGAGGAGGTG-3"

These primers were used to carry out PCR under the

following conditions.
(PCR reaction liquid composition)
Sterile purified water

2 x concertration GC buffer

31 pL

50 pL

dNTP mixed solution (2.5 mM each dATP, dGTPF, dTTP and

dCTP) 16 uL
POL58-1F (100 pmol/uL) 0.5 pnL
PDL58-2R (100 pmol/uL) 0.5 pL
pKS58DNA (10 ng/pL) 1 pL
LA Taq polymerase (5u/pL, Takara Bio Inc.) 1 pL
(Reaction temperature conditions)
95°C, 3 minutes
(98°C 20 sec, 63°C 30 sec, 6B°C 2 min) 20 cycles

72°C, 5 minutes

The 1.2 kb DNA fragment amplified as a result of this

reaction was purified with QIAGEN PCR Purification Kit

(QIAGEN Co.), and digested with Ndel and Spel restriction
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enzymes. After the reaction the DNA was electrophoresed on
0.8% agarose gel, the isclated 1.2 kb DNA fragment was
excised and DNA was collected and purified using QIAGEN
GelExtraction Kit (QIAGEN Co.). This DNA fragment was
inserted into the Ndel and Spel sites of the cytochrome
P450 gene expression plasmid pTINS-camAB (see Reference
Example 5 and WO 03/087381) to construct pPDL96.

E. coli BL21 (DE3) was transformed using this plasmid
and cultured in M9CG medium (1.28% NaHPO,-7H,0, 0.3% KH;PO,,
0.05% NaCl, 0.1% NH4Cl, 1% casamino acid, 0.4% glucose, 1
mM MgCly, 100 pM CaCl;, 50 pg/ml ampicillin) to a density
of 0.8 ODgpo (optical density at 600 nm). 5-Aminolevulinic
acid was added to 80 pg/mL and IPTG to 0.1 mM, and
cultivation was continued at 22°C for 25 hours to induce
the cytochrome P450 protein. After induction, the mycelia
were collected and suspended in 5 mL of CV buffer solution
(50 mM NaPO, (pH 7.3), 1 mM EDTA, 10% glycercl, 1 mM
glucose). 1 mL of this suspension was taken in a test tube
and 5 uL of a DMSO solution (5C mg/mL) of ME-265 (the 6-
position deoxide of pladienolice B) was added and incubated
at 28°C for 15 hours. 1 mL of acetonitrile was added and
mixed with this reaction soluticn, which was then
centrifuged and supernatant analyzed by HPLC under the
following conditions to confirm conversion to pladienolide
B. These results lead the pladienolide biosynthesis gene

region is involved in pKS$SS58.
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(HPLC analysis conditions)

Device: Shimadzu HPLC 10Avp

Column: Develosil ODS UG-3 (p 4.6 mm * 50 mm 3 pm)

Mobile phase: 45% to 55% methanol (0 to 5 min)

55% methanol (5 to 13 min)
55% to 70% methanocl (13 to 21 min)
45% methanol (21 to 25 min)

Flow rate: 1.2 mL/min

Detection: UV 240 nm

Injection volume: 5 pL

Column temperature: 40°C

Analysis time: 25 minutes

Retention time: ME~265: 20 min, Pladienolide B: 13 min
(6) Selection of cosmid comprising biosynthesis gene
cluster neighboring cytochreme P450 gene

A cosmid comprising the biosynthesis gene cluster
neighboring the cytochrome P450 gene obtained in the above
(5) was selected from the 59 cosmid DNA samples obtained in
the above (4).

The 59 cosmid DNA samples were digested with
restriction enzymes EcoRI and BamHI, and the DNA obtained
in each case was electrophoresed on agarose gel and
subjected to Southern hybridization using as probes the KS
domain DNA (aveA2 KS6 domain) and the AT domain DNA (aveAl
ATZ2 domain) of the avermectin aglycone biosynthesis gene

(see Proc. Natl. Acad. Sci. USA 96 (1999) 9509-9514; JP-A
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2000-245457; or WO 00/50605) and the cytochrome P450 gene
obtained in the above (5).

Those cosmids having DNA fragments that hybridized at
the same length were grouped on the basis of the
electrophoresis patterns of DNA digested with restriction
enzymes EcoRI and BamHI, and the hybridization band
patterns using the various probes. Of these, all but one
of the cosmids exhibiting similar patterns were deleted,
and the remaining cosmids were organized according to
partially matching band patterns. Beginning with the pKS58
cosmid comprising the cytochrome P450 gene obtained in (5),
pKS54 was selected as a cosmid neighboring the side
comprising the polyketide synthetase gene from the
cytochrome P450 gene side, and pKS35 was selected as a
cosmid neighboring pKS54. pKS23 was also selected as a
cosmid neighboring the cosmid pKS58 from cytochrome P450
gene side to the side not comprising the polyketide
synthetase gene. As a result, as shown in Figure 2, pKS23,
pKS58, pKS54 and pKS35 were selected as cosmid clones
encompassing the pladienoclide biosynthesis gene cluster.,

(7) Determining nucleotide seguence of pladienclide
biosynthesis gene cluster

The nucleotide sequence of a DNA group coding for the
pladienclide biosynthesis gene was determined. Each cosmid,
selected in the above (6), was first isolated by the cesium

chloride method, and then sheared to about 1 kb using
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HydroShear (Genomic Solutions K.K.) and subcloned using a
BKL Kit (Takara Bio Inc.).

The resulting subclones were subjected to a cycle
sequence reaction (Amersham Biosciences Co.) using
fluorescent-labeled primers, and the nucleotide sequences
of the respective fragments were determined (MegaBACE 1000:
Amersham Biosciences Co.). Thus, a roughly 75 kb
nucleotide sequence comprising DNA associated with
pladienolide biosynthesis was determined (see the Sequence
No. 1).

(8) Preparation of pladienolide 6-position hydroxylase gene
(pldB) -deficient strain.

It has been shown that a pladienclide is
biosynthesized by the biosynthesis pathway shown in Fig. 1
from the roughly 75 kb nucleotide sequence comprising DNA
participating in pladienolide biosynthesis which was
sequenced in the above (7) (see the Sequence No. 1). A
pldB-deficient strain was thus prepared by the following
methods with the idea that a strain producing only ME~265
(the 6-position deoxide of pladienolide B) could be
obtained by destroying only the cytochrome P450 gene pldB.

The four primers pldB-L-Bgl2F, pldB-L-Hind3R, pldB-R-
Hind3F and pldB-R-Bgl2R (see the sequence nos. 13, 14, 15
and 16} having the sequences shown below were synthesized
based on the nucleotide sequence of the sequence no. 1.

pldB-L-Bgl2F: 5’-GGGAGATCTAGAGGCCGGTTACCTCTACGAGTA-3’
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pldB-L-Hind3R: 5’ -GGGAAGCTTGCGATGAGCTGTGCCAGATAG-3’
pldB-R-Hind3F: 5’ -GGGARAGCTTGAACTGGCGCGACAGTGTCTT-3'
pldB-R-Bgl2R: 5'-GGGAGATCTGCAGCGGATCGTCTTCGAGACCCTT-3/
PCR was performed under the following conditions using
these primers.
(PCR reaction liquid composition)
Sterile purified water 30 pL
2 x concentration GC buffer 50 pL

dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and

dCTP) 16 pL
pldB-L-Bgl2F or pldB-R-Hind3F (50 pmol/pL) 1 pL
pldB-L-Hind3R or pldB-R-Bgl2R (50 pmol/pL) 1 pL
Mer-11107 total DNA (100 ng/pl) 1 uL
LA Taq polymerase (5 u/pL, Takara Bio Inc.) 1 pL

(Reaction temperature conditions

85°C, 3 minutes

(98°C 20 sec, 63°C 30 sec, 68°C 2 min) 30 cycles

72°C, 5 minutes

As a result, a 1.57 kb DNA fragment (DNA fragment 1L1)
comprising nucleotides 64756 to 66302 in the Sequence No. 1
was amplified by the reaction using pldB-L-Bgl2F and pldB-
L-Hind3R, while a 1.54 kb DNA fragment (DNA fragment R1)
comprising nucleotides 66849 to 68368 in the Sequence No. 1
was amplified from the reaction using pldB-R-Hind3F and
pldB-R-Bgl2R. DNA fragments L1 and R1 were purified with a

QIAGEN PCR purification Kit (QIAGEN Co.), and digested with
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restriction enzymes BglII and HindIII.

The DNA fragments L1 and Rl which had been digested
with restriction enzymes BglII and HindIII, a 2.3 kb
hygromycin B resistance gene (derived from pHP45omegahygq:
Gene 190, 315-317, 1997, sometimes abbreviated hereunder as
“hyg”} which had been digested with restriction enzyme
HindIII and the shuttle vector pKU253 (see Fig. 3) which
had been digested with restriction enzyme BamHI were all
four connected to DNA ligation kit Ver. 2.1 (Takara Bio
Inc.). A roughly 5.4 kb DNA fragment having the hygromycin
B resistance gene inserted between DNA fragments L1 and R1
was thus inserted into pKU253 to construct a roughly 21.4
kb plasmid called pKU253-Ll-hyg-R1.

The resulting pKU253-L1-hyg-Rl was transformed into
conjugated E. coli S17-1 by electroporation to obtain S17-
1/pKU253-L1-hyg-Rl. The resulting $17-1/pKU253-L1-hyg-R1
was inoculated into 10 mL of LB medium (1% bacto tryptone,
0.5% yeast extract, 0.5% NaCl) comprising 25 npg/mL of
kanamycin and 100 pug/mL of hygromycin B and shaking
cultured at 30°C for 2 hours, and the mycelia were
collected, washed twice with 10 mL of LB medium and
suspended in 5 mL of LB medium. This was the donor
suspension.

While the donor suspension was being prepared, Mer-
11107 was inoculated into 10 mL of TSB medium (Trypto-Soya

broth: Nissui Seiyaku) and shaking cultured at 30°C for 5
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hours, and the mycelia were collected, washed twice with 10
mL of sterile water and suspended in 1 mL of sterile water.
This was the recipient suspension. 500 uL of the S17-
1/pKU253-L1-hyg~Rl donor suspension was mixed with 10 pL of
the Mer-11107 recipient suspension, and applied to Actino
Medium No. 4 agar medium. After incubated at 30°C for 18
hours, this was covered with 2.5 mL of SNA (0.8% nutrient
medium: Difco, 0.4% agar) comprising 2 mg/mL ribostamycin,
and incubated at 30°C for 7 days to obtain a ribostamycin-
resistant pKU253-L1l1-hyg-R1 transformant strain.

The resulting pKU253-L1-hyg-R1 transformant strain was
inoculated intp 10 mL of TSB medium containing no
ribostamycin, and shaking cultured at 30°C for 24 hours.
Mycelia were collected from the pKU253-L1-hyg-R1
transformant culture broth, washed twice with 10 mL of
sterilized water and suspended in 10 ml of sterilized water.
After being diluted appropriately, the suspension was
applied to YMS agar medium (0.4% yeast extract, 1% wheat
germ extract, 0.4% soluble starch, 2% agar, 10 mM calcium
chloride) comprising 200 pg/mL hygromycin B, and incubated
at 30°C for 4 days. Single colonies grecwing on the YMS
agar medium comprising hygromycin B were transplanted to
YMS agar medium comprising 200 pg/mL of hygromycin B and
YMS agar medium comprising 200 pg/mL of ribostamycin, and
incubated at 30°C for 2 days. After incubated, a

hygromycin B -resistant, ribostamycin-sensitive strain was
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selected. The resulting strain, called Mer-11107 pldB::hygq,
was a pldB-deficient strain lacking 546 bp (nucleotides
66303 to 66848 in the Sequence No. 1) of the pldB gene from
the gencme, with the hygromycin B resistance gene inserted
in its place.
{9) Pladienolide production test of pladienolide 6-position
hydroxylase gene (pldB)-deficient strain

200 pL of frozen seed of the Mer-11107 pldB::hyg
strain obtained in the above (8) was inoculated into 20 mL
of seed medium (soluble starch 2%, soy bean powder (ESUSAN-

MEAT manufactured by Ajinomoto Co. Ltd.) 2%, yeast extract

0.5%, K;HPOs 0.1%, MgSO4-7H,0 0.25%, CaCO; 0.3%, pH not
adjusted) and incubated at 25°C for 2 days. 300 pl of the
resulting seed culture broth was inoculated into 30 mL of

! seed culture medium (5% soluble starch, 1% glucose, 3%

i Pharmamedia, 2% f-cyclodextrin, 0.1% CaCO;, pH 7.5) and

| cultured at 25°C for 4 and 5 days. After the completion of
the cultivation, 20 mL of the resulting culture liquid was
extracted by adding an equal amount of acetonitrile thereto.
Part of this extract was taken and diluted with 5 times the
amount of acetonitrile, and levels of pladienolide B and
ME-265 were measured by HPLC under the following conditions.
The measurement results are shown in Table 1.
(HPLC analysis conditions)

Device: Shimadzu HPLC 10Avp

Column: Develosil ODS UG-3 (¢ 4.6 mm x 50 mm 3 um)
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Mobile phase: 45% through 55% methanol (0 to 5 min)
55% methanol (5 to 13 min)
55% to 70% methanol (13 to 17 min)
70% methanol {17 to 35 min)
45% methanol (35 to 40 min)

Flow rate: 1.2 mL/minute

Detection: UV 240 nm

Injection volume: 10 pL

Column temperature: 40°C

Analysis time: 35 minutes

Retention time: ME-265: 22 min, Pladienolide B: 16 min

Table 1

Mer-11107 pldB::hyg strain ME-265 (mg/L) | Pladienolide B (mg/L)

cultured for 4 days (96 hours) 1247.7 0.0

cultured for 5 days (120 hours) 1316.6 00

Reference Example 2: DNA-1 encoding polypeptide having the
l6-position hydroxylating enzyme activity on the macrolide
compound (II)
(1) Preparation of genomic DNA of Streptomyces sp. A-1544
strain

The A-1544 strain was inoculated into a medium
containing 1% of glucose, 0.4% of malt extract and 1% of
yeast extract and incubated at 28°C for 3 days. The
obtained culture broth was centrifuged at 3000 rpm for 10

minutes to collect the mycelia. A genomic DNA was prepared
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using Blood & Cell Culture Kit (QIAGEN Co.) from the

mycelia.

(2) Cloning of a partial sequence of a DNA encoding a
protein having the activity in hydroxylating the 16-

position of the macrolide compcund 11107B

The following mix primers (5Dm-3F and 5Dm-3R) were
designed and produced on reference to the amino acid
sequence assumed to be that of the cytochrome P450
(CYP105D5) of Streptmyces coelicolor A3 (2) (see the
Sequence Nos. 17 and 18).
5Dm-3F: 5'-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3!
5Dm-3R: S’ -GTTGATSAYSGASGTSGAGAA-3'

In order to promote reactivity taking the fluctuation
of a codon into account, mixed bases S(=C+G) and Y (=C+T)
were used.

Next, these two types of primers (5Dm-3F and 5Dm-3R)
and the A-1544 strain genomic DNA as a template obtained in
the above (1), were used to run a PCR reaction. The PCR
reaction was accomplished by repeating a three-stage
reaction including denaturing carried out at 98°C for 20
seconds, annealing carried out at 50°C for 2 minutes and
elongation carried out at 68°C for 30 seconds 35 times by
using Takara LA Taq (Takara Bio Inc.) and a PCR amplifier
(T Gradient, Biometra Co.). As a result, a DNA fragment
(hereinafter referred to as a DNA fragment-Al) having a

size of about 500 bp was amplified. It is highly possible
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that this DNA fragment-Al is a part of the DNA encoding a
protein having hydroxylating activity. The DNA fragment-Al
amplified by a PCR reaction was recovered from the reaction
solution by SUPREC PCR (Takara Bio Inc.).

In order to obtain the DNA fragment-Al in an amount
enough to analyze the nucleotide sequence of the obtained
DNA fragment-Al, the DNA fragment was combined with a
plasmid vector pT7Blue T (Novagen Co.) by using DNA
Ligation kit ver.2 (Takara Bic Inc.) to transform E.coli
JM109 strain. Thereafter, the transformed E. coli was
selected using a L-broth agar media (1.0% bacto tryptone,
0.5% yeast extract, 0.5% NaCl, 1.5% agar) containing
ampicillin (50 pg/mL), X-gal (5-bromo-4-chloro-3-indolyl-f-
D-galactoside; 40 pg/mL) and IPTG (isopropyl-p-D-
thiogalactopyranoside; 100 uM). The colony of the
transformed E. coli thus isolated was cultured in a L-broth
liquid medium (1% bacto tryptone, 0.5% yeast extract, 0.5%
NaCl) containing ampicillin (50 pg/mL). A plasmid DNA was
separated from the mycelia of the proliferated transformed
E. coli and purified by using a plasmid purifying kit (QIA
filter Plasmid Midi Kit, QIAGEN Co.), to obtain enough
amount of the DNA fragment-Al.

(3) Analysis of the nucleotide sequence of the cloned DNA
fragment-Al

The nucleotide sequence of the DNA fragment-Al

obtained in the above (2) was analyzed using a DNA
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nucleotide sequence analyzer (PE Biosystems 377XL)
according to a dye terminator cycle sequence method. As
the result of the nucleotide sequence analysis, it was
clarified that the DNA fragment-Al amplified by a PCR
reaction had an exact size of 528 bp though it had been
found to have a size of about 500 bp by the above
measurement using electrophoresis (see the nucleotide
sequence 1775 to nucleotide sequence 2302 of the Sequence
No. 2). Sinces DNA sequences corresponding to the two
types of primers used in the above PCR reaction were found
at both ends of the above cloned 528 bp DNA seqguence, it
was clarified that the DNA fragment-Al was singqularly
amplified by these two types of primers (5Dm-3F and 5Dm-3R)
in the above PCR reaction.
(4) Analysis of the neighboring region of the DNA fragment-
Al

As mentioned above, the partial sequence of the DNA
encoding a protein having the hydroxylating activity
derived from the A-1544 strain was determined. Therefore,
the amplification, cloning and sequence analysis of the
nucleotide sequence in the neighboring region extending to
the upstream side and downstream side of the cloned
fragment were accomplished by an inverse PCR method (Cell
Technology vol. 14, p.591-593, 1995). Specifically, the A-
1544 strain genomic DNA (see the above (1)) was digested by

respective restriction enzymes Pstl and Sall in a H buffer
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solution (50 mM Tris-HCl, pH 7.5, 10 mM MgClp, 10 mM
dithiothreitol and 100 mM NaCl). The obtained each DNA
fragment cleaved by the restriction enzymes was self-
circularized by using DNA Ligation Kit ver.2 (Takara Bio
Inc.).

Meanwhile, the following primers (6PIN-2F and 6PIN-2R)
were designed and produced based on the nucleotide sequence
of DNA fragment-Al (see the Seguence Nos. 19 and 20).
6PIN-2F: 5’ -GCTGCGCCTGGCCCTGGAGGACATCGAGAT-3"
6PIN-2R: 5'-CTGTTCCTCGAAGAACTCGTGGTCGGCGTA-3"

Next, these two primers (6PIN-2F and 6PIN-2R) and the
above self- circularized A-1544 strain genomic DNA as a
template, were used to run a PCR reaction. In the PCR
reaction, the cycle of a two-stage reaction including
denaturing carried out at 98°C for 20 seconds and annealing
and elongation carried out at 68°C for 5 minutes was
repeated 35 times by using Takara LA Taq (Takara Bio Inc.)
and a PCR amplifier (T Gradient, Biocmetra Co.).

As a result, a DNA fragment (DNA fragment-Bl) about
3.5 kbp in size and a DNA fragment (DNA fragment-Cl) about
2.8 kbp in size were amplified. It was highly possible
that these DNA fragments were a DNA encoding a protein
having hydroxylating activity and a DNA having a DNA
sequence including the upstream and downstream regions of
the former DNA.

The DNA fragment-Bl and the DNA fragment-Cl were
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recovered from the PCR amplified reaction solution by
SUPREC PCR (Takara Bio Inc.). Next, as to the obtained DNA
fragment-Bl and DNA fragment-Cl, in order to obtain each
DNA fragment in an amount enough to analyze the nucleotide
sequence of the obtained DNA fragment, & plasmid vector
pT7Blue T (Novagen Co.), DNA Ligation kit ver.2 (Takara Bio
Inc.), E. coli JM109 strain and a plasmid purifying kit
(QIA filter Plasmid Midi kit, QIAGEN Co.) were used in the
same manner as the above (2), to cobtain enough amount of
each DNA fragment.

(5) Analysis of each nucleotide sequence of the DNA
fragment-Bl (abcut 3.5 kbp in size) and the DNA fragment-Cl
(about 2.8 kbp in size)

Each nucleotide sequence of the DNA fragment-Bl and
DNA fragment-Cl obtained in the above (4) was analyzed
using a DNA nucleotide sequence analyzer (PE Bilosystems
377XL) according to a dye terminator cycle sequence method.
The nucleotide sequence was thus analyzed to obtain the
information of the nucleotide sequence of 3793 bp shown in
the Sequence No. 2 from each sequence of the DNA fragment-
Bl and DNA fragment-Cl.

An open reading frame (ORF) in this 3793 bp was
retrieved, to find that the two proteins were coded. Each
amino acid sequence of these proteins was retrieved by the
BLAST search, and as a result, an ORF (hereinafter referred

to as PsmA) coding a protein consisting of 409 amino acids
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having high homology to cytochrome P450 existed in the base
1322 to base 2548 of the Sequence No. 2. The psmA had the
highest homology (homology: 72.6%) to the amino acid
sequence assumed to be that of cytochrome P450 (CYP105D5)
of the Streptmyces coelicolor A3 (2) and to the amino acid
sequence assumed to be that of cytochrome P450 (CYP105D4)
of the Streptmyces lividans, and also had a relatively high
homology (homology: 69.4%) to cytochrome P450 soy (Soy C)of
Streptmyces griseus. It was considered from this fact that
the psmA was highly possibly a gene coding hydroxylating
enzyme of the cytochrome P-450 type.

Also, an ORF (hereinafter referred to as psnB)
encoding a protein having a high homology to ferredoxin of
a 2Fe-2S type existed just downstream (the base 2564 to
base 2761 of the Sequence Neo. 2) of the psmA. The protein
encoded by the psmB consists of 66 amino acids, and had the
highest homology (83.3%) to the amino acid sequence assumed
tc be that of ferredoxin just downstream of the amino acid
sequence assumad to be that of cytochrome P450 (CYP105D5)
of the Streptmyces coelicolor A3(2) and a relatively higher
homology (homology: 57.6%) to ferredoxin soy (soyB) of
Streptmyces griseus. Therefore, it was considered that the
psmB serves to transfer electrons and codes ferredoxin
participating in hydroxylaticon together with the psmA.

(6) Construction of a plasmid pTC-DM

pT7NS-CamAB (see Reference Example 5 and WO 03/087381)
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was digested by respective restriction enzymes Ndel and
Spel in a H buffer solution (50 mM Tris-HCl, pH 7.5, 10 mM
MgCl,, 10 mM dithiothreitol and 100 mM NaCl) to obtain a
plasmid digested products. Meanwhile, a primer DM-NdeF

[5’ -GCCCCCATATGACGGAACTGACGGACATCA-3' : see the Sequence No.
33) obtained by adding a Ndel site to the 5'-terminal and a
primer DM-SpeR ({5’ -GGGCCACTAGTCAGCCGGCCGGTTCGGTCA-3': see
the Sequence No. 34) cbtained by adding a Spel site to the
5/ -terminal were designed and produced on reference to the
nucleotide sequence of the Sequence No. 2. Next, these two
types of primers (DM-NdeF and DM-SpeR) and the A-1544
strain genomic DNA obtained in the above (1) as a template,
were used to run a PCR reaction. The PCR reaction was
accomplished by repeating a two-stage reaction including
denaturing carried out at 98°C for 20 seconds and annealing
and elongation carried out at 68°C for 2 minutes 30 times
by using Takara LA Tag (TAKARA HOLDINGS INC.) and a PCR
amplifier (T Gradient, Biometra Co.). From the PCR
amplification reaction sclution, a DNA fragment having a
size of about 1.5 kbp and containing the psmA and the psmB
was recovered by SUPREC PCR ({TAKARA HOLDINGS INC.). The
resulting DNA fragment was digested with restriction
enzymes Ndel and Spel, and the digest and the
aforementioned pT7NS-camAB plasmid digest were connected
using DNA Ligation Kit Ver. 2 (Takara Bio Inc.). Thus, a

roughly 9.5 kbp plasmid (sometimes called plasmid pTC-DM)
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was constructed comprising the pT7NS-camAB plasmid
connected to a DNA fragment containing both the psmA and
the psmB.
Reference Example 3: DNA-2 encoding polypeptide having the
l6-position hydroxylating enzyme activity on the macrolide
compound (II)
(1) Preparation of genomic DNA of Streptomyces sp. Mer-
11107 strain

The Mer-11107 strain was inoculated into a medium
containing 1% of glucose, 0.4% of malt extract and 1% of
yeast extract and incubated at 28°C for 3 days. The
obtained culture broth was centrifuged at 3000 rpm for 10
minutes to collect the mycelia. A genomic DNA was prepared
using Blood & Cell Culture Kit (QIAGEN Co.) from the
mycelia.
(2) Cloning of a partial sequence of a DNA encoding a
protein having the activity in hydroxylating the 16-
position of the macrolide compound 11107B

The following mix primers (5Dm-3F and 5D-1R) were
designed and produced on reference to the amino acid
sequence assumed to be that of the cytochrome P450
(CYP105D5) of Streptmyces coelicolor A3(2) (see the
Sequence Nos. 17 and 21).
5Dm-3F: 5/-TTCGCSCTSCCSGICCCSTCSATGGTSAT-3
5D-1R: 5’ -AGGTGCCCAGCGAGATCATGTT-3*

In order to promote reactivity taking the fluctuation
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of a codon into account, mixed bases S(=C+G) and Y (=C+T)
were used.

Next, these two primers (5Dm-3F and 5D-1R) and the
Mer-11107 genomic DNA obtained in the above (1) as the
template were used to run a PCR reaction. The PCR reaction
was accomplished by repeating a three-stage reaction
including denaturing carried out at 98°C for 20 seconds,
annealing carried out at 50°C for 2 minutes and elongation
carried out at 68°C for 30 seconds 35 times by using Takara
LA Taq (Takara Bio Inc.) and a PCR amplifier (T Gradient,
Biometra Co.). A roughly 300 bp DNA fragment (hereunder
called DNA fragment A2) was amplified as a result. It is
highly possible that this DNA fragment A2 is a part of the
DNA encoding a protein having hydroxylation activity. The
DNA fragment-A2 amplified by the PCR reaction was recovered
from the reacticn solution by SUPREC PCR (Takara Bio Inc.).

Next, in order to obtain the DNA fragment-A2 in an
amount enough to analyze the nucleotide sequence of the
obtained DNA fragment-A2, the DNA fragment-A2 was combined
with a plasmid vector pT7Blue T (Novagen Co.) using DNA
Ligation Kit Ver. 2 (Takara Bic Inc.), to transform E. coli
JM109 strain. The transformed E. coli was subsequently
selected using a L-broth agar media(l.0% bacto tryptone,
0.5% yeast extract, 0.5% NaCl, 1.5% agar) containing
ampicillin (50 pg/mL), X-gal (S5-bromo-4-chloro-3-indolyl-B-

D-galactoside; 40 ng/mL) and IPTG (isopropyl-B-D-
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thiogalactopyranoside; 100 uM). The transformed E. coli
coleonies isolated in this way were cultured in a L-broth
liquid medium (1% bacto tryptone, 0.5% yeast extract, 0.5%
NaCl) containing ampicillin (50 pg/mL). A plasmid DNA was
isolated and purified from the mycelia of the proliferated
transformed E. coli using a plasmid purifying kit (QIA
filter Plasmid Midi Kit, QIAGEN Co.)} to obtain enough
amount of DNA fragment-A2.
(3) Analysis of the nucleotide sequence of the cloned DNA
fragment-A2

The nucleotide sequence of the DNA fragﬁent—A2
obtained in the above (2) was analyzed using a DNA
nucleotide sequence analyzer (PE Biosystems 377XL)
according to a dye terminator cycle sequence method. While
the DNA fragment-A2 amplified by a PCR reaction was
measured at about 300 bp by electrophoresis, it was
clarified by the nucleotide sequence analysis to be exactly
325 bp in length (see the nucleotide sequence 837 to
nucleotide sequence 11561 of the Sequence No. 3). Since DNA
sequences corresponding to the two types ¢of primers used in
the aforementioned PCR reaction were found at both ends of
the above cloned 325 bp DNA sequence, it was clarified that
the DNA fragment-A2 had been specifically amplified by
these two types of primers (50m-3F and 5D-1R) in the above-
mentioned PCR reaction.

(4) Analysis of the neighboring region of the DNA fragment-
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A2

Once the partial sequence of the DNA encoding a
protein having the hydroxylating activity derived from the
Mer-11107 strain had been determined as described above,
the nucleotide sequence of the neighboring region extending
the upstream side and downstream side of the cloned
fragment was amplified, cloned and sequenced by an inverse
PCR method (Cell Technology Vol. 14, pp. 591-593, 1995).
Specifically, the Mer-11107 strain genomic DNA (see the
above (1)) was digested with a restriction enzyme BamHI in
a K buffer solution (50 mM Tris-HCl, pH 8.5, 10 mM MgCl,, 1
mM dithiothreitol, 100 mM KCl) and with a restriction
enzyme Sall in a H buffer sclution (50 mM Tris-HCl, pH 7.5,
10 mM MgCl,, 1 mM dithiothreitol, 100 mM NaCl). The
cbtained each DNA fragment cleaved by the restriction
enzymes was self-circularized by using DNA Ligation Kit Ver.
2 {(Takara Bio Inc.).

Meanwhile, the following primers (7PIN-2F and 6PIN-2Rj
were designed and prepared from the nucleotide sequence of
the DNA fragment-A2. (see the Sequence Nos. 22 and 20)
TPIN-2F: 5'-CCATGATCCTGCTGGTGGCCGGCCATGAGA-3!
6PIN-2R: 5'-CTGTTCCTCGAAGAACTCGIGGTCGGCGTA-3'

Next, these two types of primers (7PIN-2F and 6PIN-2Rj
and the above self-circularized Mer-11107 strain genomic
DNA as a template, were used to run a PCR reaction. 1In the

PCR reaction, the cycle of a two-stage reaction including
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denaturing carried out at 98°C for 20 seconds and annealing
and elongation carried out at 68°C for 5 minutes was
repeated 35 times by using Takara LA Taqg (Takara Bio Inc.)
and a PCR amplifier (T Gradient, Biometra Co.}.

As a result, a DNA fragment (DNA fragment-B2) about
1.3kbp in size and a DNA fragment (DNA fragment-C2) about
1.4kbp in size were amplified. It is highly possible that
these DNA fragments were respectively a DNA encoding a
protein having hydroxylating activity and a DNA having a
DNA sequence including those in the upstream and downstream
regions of the former DNA.

The DNA fragment-B2 and DNA fragment-C2 were recovered
from the PCR amplified reaction solution by SUPREC PCR
(Takara Bio Inc.). Next, as to the obtained DNA fragment-
B2 and DNA fragment-C2, in order to obtain each DNA
fragment in an amount enough to analyze the nucleotide
sequence of the obtained DNA fragment, a plasmid vector
pT7Blue T (Novagen Co.), DNA Ligation kit ver.2 (TBKARA
HOLDINGS INC.), E. coli JM10S strain and a plasmid
purifying kit (QIA filter Plasmid Midi Kit, QIAGEN Co.)
were used in the same manner as the above (2), to obtain
enough amount of each DNA fragment.

(5) Analysis of each nucleotide sequence of the DNA
fragment-B2 (about 1.3 kbp in size) and the DNA fragment-C2
(about 1.4 kbp in size)

Each nucleotide sequence of the DNA fragment-B2 and
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DNA fragment-C2 obtained in the above (4) was analyzed
using a DNA nucleotide seguence analyzer (PE Biosystems
377XL) according to a dye terminator cycle sequence
method.The nucleotide sequences were thus analyzed to
obtain the inZormation of the nucleotide sequence of 2329
bp shown in the Sequence No. 3 from each sequence of the
DNA fragment-B2 and DNA fragment-C2.

An cpen reading frame (ORF) in this 2329 bp was
retrieved, to find that the two kinds of protein were coded.
Each amino acid sequence of these proteins was retrieved by
the BLAST search, and as a result, an ORF (hereinafter
referred to as bpmA) encoding a protein consisting of 395
amino acids having high homology to cytochrome P450 existed
in the base 420 to base 1604 of the Seqguence No. 3. The
bpmA had the highest homology (homology: 67.4%) to the
amino acid sequence of the psmA isolated from the A-1544
strain and also had a relatively high homology (homology:
64.8%) to cytochrome P450 soy (Soy C)of Streptmyces griseus.
It was considered from this fact that the bpmA highly
possibly encoded hydroxylating enzyme of the cytochrome P-
450 type.

Also, an ORF (hereinafter referred to as bpmB)
encoding a protein having a high homolagy to ferredoxin of
a ZFe-2S type that existed just downstream (the base 1643
to base 1834 of the Sequence No. 3) of the bpmA. The

protein encoded by the bpmB consisted of 64 amino acids,
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and had the highest homology (81.0%) to the amino acid
sequence of the psmB isclated from the A-1544 strain and
had a relatively higher homology (homology: 76.2%) to the
amino acid sequence assumed to be that of ferredoxin just
downstream of the amino acid segquence assumed to be
cytochrome P450 (CYP105D5) of Streptmyces coelicolor A3(2).
Therefore, it was considered that the bpmB served to
transfer electrons and participated in hydroxylation
together with the bpmA.
Reference Example 4: DNA-3 encoding polypeptide having the
l6-position hydroxylating enzyme activity on the macrolide
compound ({IT)
(1) Preparation of genomic DNA of A-1560 strain

The A-1560 strain was inoculated into medium
containing 1% glucose, 0.4% wheat germ extract and 1% yeast
extract, and incubated at 28°C for 3 days. The obtained
culture broth was centrifuged at 3000 rpm for 10 minutes to
collect the mycelia. A genomic DNA of A-1560 strain was
prepared from the mycelia using Blood & Cell Culture Kit
(QIAGEN Co.).
(2) Cloning of a partial sequence of a DNA encoding a
protein having the activity in hydroxylating the 16-
position of the macrolide compound 11107B

The following mixed primers (5Dm-3F and 5Dm-2R) were
designed and produced on reference to the amino acid

sequence assumed to be that of the cytochrome P450
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(CYP105D5) of Streptomyces coelicoler A3(2) (see the
Sequence Nos. 17 and 23).

5Dm-3F: 5‘-TTCGCSCTSCCSGTCCCSTCSATGGTSAT-3!

5Dm-2R: 5’ -CTGGATSGTGTCSCCSGGYTT-3"

In order to promote reactivity taking the fluctuation
of a codon into account, mixed bases S (=C+G) and Y {(=C+T)
were used.

Next, these two types of primers (5Dm-3F and 5Dm-2R)

and the A-1560 genomic DNA obtained in the above (1} as the

template, were used to run a PCR reaction. The PCR
reaction was accomplished by repeating a three-stage
reaction including denaturing carried out at 98°C for 20
seconds, annealing carried out at 50°C for 2 minutes and
elongation carried out at 68°C for 30 seconds 35 times by
using Takara LA Taqg (Takara Bic Inc.) and a PCR amplifier
(T Gradient, Biometra Co.). A roughly 750 bp DNA fragment
(hereunder called DNA fragment-A3) was amplified as a
result. It is highly possible that this DNA fragment-A3 is
a part of DNA encoding a protein having hydroxylating
activity. The DNA fragment-A3 amplified by a PCR reaction
was recovered from the reaction solution by SUPREC PCR
(Takara Bio Inc.).

Next, in order to obtain the DNA fragment-A3 in an
amount enough to analyze the nucleotide sequence of the
obtained DNA fragment-A3, DNA fragment-A3 was combined with

a plasmid vector pT7Blue T (Ncvagen Co.) by using DNA
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Ligation Kit Ver. 2 (Takara Bio Inc.) to transform a
colibacillus JM109 strain. (Stratagene Co.). Thereafter,
the transformed colibacillus was selected using a L-broth
agar media (1.0% bacto trypteone, 0.5% yeast extract, 0.5%
NaCl, 1.5% agar) containing ampicillin (50 pg/mL), X-gal
(5-bromo-4-chloro-3-indolyl-p-D-galactoside; 40 pg/mL) and
IPTG (isopropyl-f-D-thiogalactopyranoside; 100 uM). The
colony of the transformed colibacillus isolated in this way
were cultured in a L-broth liquid medium (1% bacto tryptone,
0.5% yeast extract, 0.5% NaCl) containing ampicillin (50
ug/mL). A plasmid DNA was isolated and purified from the
mycelia of the proliferated transformed colibacillus by
using a plasmid purifying kit (QIA filter Plasmid Midi Kit,
QIAGEN Co.), to obtain encugh amount of DNA fragment-A3.
(3) Analysis of the nucleotide sequence of cloned DNA
fragment-A3

The nucleotide sequence of the DNA fragment-A3
obtained in the above (2) was analyzed using a DNA
nucleotide sequence analyzer (PE Biosystems 377XL)
according to a dye terminator cycle sequence method. While
the DNA fragment-A3 amplified by a PCR reaction was
measured at about 750 bp by electrophoresis, it was
clarified by the nucleotide sequence analysis to be exactly
741 bp in length (see the nucleotide sequence 616 to
nucleotide sequence 1356 cof the Sequence No. 4). Since DNA

sequences corresponding to the two types of primers used in
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the aforementioned PCR reaction were found at both ends of
the above cloned 741 bp DNA sequence, it was clarified that
the DNA fragment-A3 had been specifically amplified by
these two types of primers (50m-3F and 5Dm-2R) in the
aforementioned PCR reaction.
(4) Analysis of the neighboring region of the DNA fragment-
A3

Once the partial sequence of the DNA encoding a
protein having hydroxylating activity derived from the A-
1560 strain had been determined as described above, the
nucleotide sequence of the neighboring region extending the
upstream side and downstream side of the cloned fragment
was amplified, cloned and sequenced by an inverse PCR
method (Cell Technology Vol. 14, pp. 591-59%3, 1995).
Specifically, the A-1560 genomic DNA (see the above (1)
was digested with a restriction enzyme BamHI in K buffer
solution (50 mM Tris-HCl, pH 8.5, 10 mM MgCl,, 1 mM
dithiothreitel and 100 mM KCl), with a restriction enzyme
KpnIl in a L buffer solution (10 mM Tris-HCl, pH 7.5, 10 mM
MgCl;and 1 mM dithiothreitol) and with a restriction enzyme
Sall in a H buffer solution (50 mM Tris-HCl, pH 7.5, 10 mM
MgCl,, 1 mM dithiothreitol and 100 mM NaCl). The obtained
each DNA fragment cleaved by the restriction enzymes was
self-circularized by using DNA Ligation Kit Ver. 2 (Takara
Bio Inc.).

Meanwhile, the following primers {(5PIN-2F and 6PIN-2R)
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were designed and prepared from the nucleotide sequence of
the DNA fragment-A3 (see the Sequence Nos. 24 and 20).
S5PIN-2F: 5’-CGGARATCCACCAGTGCCTCGGCCAGRACCT-3/

6PIN-2R: 5'-CTGTTCCTCGAAGAACTCGTGGTCGGCGTA-3’

Next, these two types of primers (SPIN-2F and 6PIN-2R)
and the above self-circularized A-156C strain genomic DNA
as a template, were used to run a PCR reaction. In the PCR
reaction, the cycle of a two-stage reaction including
denaturing carried out at 98°C for 20 seconds and annealing
and elongation carried out at 68°C for S5 minutes was
repeated 35 times by using Takara LA Taq (Takara Bio Inc.)
and a PCR amplifier (T Gradient, Biometra Co.).

As a result, a DNA fragment (DNA fragment-B3) about
4.5 kbp in size, a DNA fragment (DNA fragment-C3) about 3.0
kbp in size and a DNA fragment (DNA fragment-D3) about 1.7
kbp in size were amplified. It was highly possible that
these DNA fragments were a DNA encodirg a protein having
hydroxylating activity and a DNA havirg a DNA sequence
including those in the upstream and downstream regions of
the former DNA.

The DNA fragment-B3, the DNA fragment-C3 and the DNA
fragment-D3 were recovered from the PCR amplified reaction
solution by SUPREC PCR (Takara Bio Inc.). Next, as to the
obtained DNA fragment-B3, DNA fragment-C3 and DNA fragment-
D3, in order to obtain each DNA fragment in an amount

enough to analyze the nucleotide sequence of the obtained
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DNA fragment, a plasmid vector pT7Blue T (Novagen Co.), DNA
Ligation kit ver.2 (Takara Bio Inc.), E. coli JM109 strain
and a plasmid purifying kit (QIA filter Plasmid Midi Kit,
QIAGEN Co.) were used in the same manner as the above (2),
to obtain enough amount of each DNA fragment.

(5) Analysis of each nucleotide sequence of the DNA
fragment-B3 (about 4.5 kbp in size), the DNA fragment-C3
(about 3.0 kbp in size) and the DNA fragment-D3 (about 1.7
kbp in size)

Each nucleotide sequence of the DNA fragment-B3, DNA
fragment-C3 and DNA fragment-D3 obtained in the above (4)
was analyzed using a DNA nucleoctide sequence analyzer (PE
Biosystems 377XL) according to a dye terminator cycle
sequence method. The nucleotide sequence was thus analyzed
to obtain the information of the nucleotide sequence of
1860 bp shown in the Sequence No. 4 from each sequence of
the DNA fragment-B3, DNA fragment-C3 and DNA fragment-D3.

An open reading frame (ORF) in this 1860 bp was
retrieved, to find that the two kinds of protein were
encoded. Each amino acid sequence of these proteins was
retrieved by the BLAST search, and as a result, an ORF
(hereinafter referred to as tpmA) encoding a protein
consisting of 404 amino acids having high homology to
cytochrome P450 existed in the base 172 to base 1383 of the
Sequence No. 4. The tpmA had the highest homology

(homelogy: 77.4%) to the amino acid sequence assumed to be
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that of cytochrome P450 (CYP105D5) of Streptmyces
coelicolor A3(2) and also a high homology (homology: 76.6%)
to the amino acid sequence of the psmA isclated from the A-
1544 strain. It was considered from this fact that the
tpmA was highly possibly a gene encoding hydroxylating
enzyme of the cytochrome P-450 type.

Also, an ORF (hereinafter referred to as tpmB)
encoding a protein having a high homology to ferredoxin of
a 2Fe-25 type existed just downstream {the base 1399 to
base 1593 of the Sequence No. 4) of the tpmA. The protein
encoded by the tpmB consisted of 65 amino acids, and had
the highest homeclogy (87.3%) to the amino acid sequence of
the psmB isolated from the A-1544 strain and also a high
homology (homology: 82.5%) to the amino acid sequence
assumed to be that of ferredoxin just downstream of the
amino acid sequence assumed to be cytochrome P450
(CYP105D5) of Streptmyces coelicolor A3 (2). Therefore, it
was considered that the tpmB served to transfer electrons
and coded ferredoxin participating in hydroxylation
together with the tpmA.

Reference Example 5: Construction of plasmid pT7NS-camAB

The primers PRR-1F (see the Sequence No. 29) and PRR-
2R (see the Sequence No. 30) with the sequences shown below
were used to carry out PCR under the following conditions.
with Pseudomonas putida ATCC 17453 genome DNA as the

template.
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PRR-1F: 5’~GCCCCCCATATGAACGCAAACGACAACGTGGTCATC-3’
PRR-2R: 5" -GCGGATCCTCAGGCACTACTCAGTTCAGCTITTGGC~3’
(Reaction liquid composition)

Sterile purified water: 15 uL
2x concentration GC buffer 1 (TAKARA HOLDINGS INC.) 25 uL

dNTP mixed solution (2.5 mM each of dATP, dGTP, dTTP and

dCTP) 8 pL
PRR-1F primer (100 pmol/pL} 0.5 pL
PRR-2R primer (100 pmol/pL} 0.5 uL
Pseudomonas putida ATCC 17453 genome DNA 0.5 pL
(10 ng/pL)

LA Taqg (5 units/pL, TAKARA HOLDINGS INC.) 0.5 pnL

(Temperature conditions)

95°C, 3 minutes

(98°C 20 sec, 63°C 30 sec, 68°C 2 min) 30 cycles

72°C, 5 minutes

The resulting 1.5 kb amplified fragment (camAB
fragment) comprising the putidaredoxin reductase gene
(camA) and the putidaredoxin gene just downstream from that
gene (camB) was digested with restriction enzymes Nde I and
Bam HI, and electrophoresed on 0.8% agarose gel. After
electrophoresis, the camAB fragment was collected and
purified using SUPREC-01 (TAKARA HOLDINGS INC.) from a gel
section comprising that fragment which had been excised
from the gel. The fragment was connected by T4 DNA ligase

to the Nde I site and Bam HI site of E. coli plasmid vector
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pET11la (Stratagene Co.), and then transformed into E. coli
DHSa to construct plasmid pT7-camAB. Next, a linker 1
molecule obtained by annealing the two synthetic oligo DNAs
SP-1 (see the Seguence No. 31) and SP-2 (see the Sequence
No. 32) with the sequences shown below was connected to the
Nde I site of the plasmid by T4 DNA ligase and transformed
into E. coli DHS5a to construct plasmid pT7NS-camAB.
SP-1: 5’ -TATGCGTCACTAGTCGGGAGTGCGTTA-3’
SP-2: 57 -TATAACGCACTCCCGACTAGTGACGCA-3'
Example 1: Preparation of plasmid pPapsmAB by connection of
pldA promoter and psmAB

The pldA promoter region of the pladienolide B
biosynthesis gene was connected to psmAB in order to
express psmAB in conjunction with the pladienolide B
biosynthesis gene. The two primers pdlBpro-SpeNdeF (Spel
and Ndel sites added to 5'-terminal: see the Sequence No.
25) and pldApro~NdeR (Ndel site added to 5'-terminal: see
the Sequence No. 26) comprising the seguences shown below
were synthesized based on the nuclectide sequence
information of the Sequence No. 1 for purposes of
amplifying the pldA promoter region.
pldApro-SpeNdeF: 5'-GGGCATATGACTAGTAGCCGTGTCCTGCCCGCC-3’
pldBApro-NdeR: 5’-GGGCATATGTTCGGACGTGAATTCATTCG-3’

PCR was carried out under the following conditions
using these primers.

(PCR reaction liquid composition: using Toyo Boseki KOD-
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plus-)
Sterile purified water: 71 pL
10 % concentration PCR buffer: 10 L

dNTP mixed solution (2 mM each dATP, dGTP, dCTP and dTTP):

10 L
MgSQ, (25 mM) 4 uL
KOD+ 2 uL
pldApro-SpeNdeF (50 pmol/pL) 1 pL
pldApro-NdeR {50 pmol/pL) 1 uL
pKS35 (Referential Example 1 (6), 10 ng/pL) 1 pL

(Reaction conditions: using Biometra T GRADIENT)

95°C, 5 minutes

(98°C 20 sec, 63°C 1 min, 68°C 1 min) 25 cycles

72°C, 5 minutes

The 360 bp DNA fragment amplified as a result of this
reaction was collected with a QIAquick PCR Purification Kit
(QIAGEN Co.). The resulting 360 bp DNA fragment was
digested with restriction enzyme NdeI. The plasmid pTC-DM
(Reference Example 2(6)) was similarly digested with
restriction enzyme NdeI. The resulting 360 bp DNA fragment
digest and plasmid digest were connected using DNA Ligation
Kit Ver. 2.1 (Takara Bio Inc.). A roughly 9.9 kbp plasmid
pPapsmAB comprising the pldA promoter connected to psmAB
was constructed in this way.
Example 2: Preparation of plasmid for recombination

The pPapsmaAB plasmid prepared in Example 1 was
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digested with restriction enzyme Spel, and blunt-ended
using BKL Kit (Takara Bio Inc.). The resulting DNA was
electrophoresed (Mupid-ex: Advance Co.) on 0.8% Molecular
Biology Agarose™ (BIO-RAD), and the isolated 1.8 kbp DNA
fragment comprising the pldA promoter and psmAB (sometimes
called PapsmAB hereunder) was excised and collected and
purified using a QIAquick Gel Extraction Kit (QIAGEN Co.}.
The recombination vector pUCl19aph::oriT::intphiC31 shown in
Fig. 4 was also digested with restriction enzyme BamHI, and
blunt-ended with BKL Kit (Takara Bio Inc.). The resulting
vector and PapsmAB were connected using DNA Ligation Kit
Ver. 2.1 {(Takara Bio Inc.). Thus, a recombination plasmid
PAQC: : PapsmAB was constructed having PapsmAB inserted into
the recombination vector pUCl%aph::oriT::intphiC31.
Example 3: Introduction of recombination plasmid
pAOC: : PapsmAB into Mer-11107

The resulting pAOC::PapsmAB was transformed into
conjugated E. coli S17-1 (ATCC47055) by electroporation to
ocbtain §17-1/pA0C::PapsmAB. The resulting S17-
1/pAOC: : PapsmAB was inoculated into 10 mL of LB medium (1%
bacto tryptone, 0.5% yeast extract, 0.5% NaCl) containing
25 pg/ml kanamycin and shaking cultured at 30°C for 2 hours,
and the mycelia were collected, washed twice with 10 mL of
LB medium and suspended in 5 mL of LB medium. This was
used as the donor suspension. While the donor suspension

was being prepared, Mer-11107 was inoculated into 10 mL of
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TSB medium (Trypto-Soya broth: Nissui Seiyaku) and shaking
incubated at 30°C for 5 hours, and the mycelia were
collected, washed twice with 10 mL of sterilized water and
suspended in 1 mL of sterilized water. This was used as
the recipient suspension. 500 uL of the $17-
1/pROC: : PapsmAB donor suspension was mixed with 10 pL of
the resulting Mer-11107 recipient suspension, and applied
to Actino Medium No. 4 agar medium (Nissui Pharmaceutical).
After incubated at 30°C for 18 hours, this was covered with
2.5 mL of SNA (0.8% nutrient medium: Difco, 0.4% agar)
containing 2 mg/mL ribostamycin, and incubated at 30°C for
7 days to obtain a the ribostamycin-resistant

PAQC: : PapsmAB-transformed strain Mer-11107::pAOC: : PapsmAB.
Example 4: Pladienolide production test of Mer-

11107: :pAOC: : PapsmAB strain

The Mer-11107::pAOC: :PapsmAB obtained in Example 3 and
the parent Mer-11107 strain as a control were tested for
productivity of pladienolide B and its 16-position
hydroxide pladienolide D.

300 pL each of frozen seed of Mer-11107::pAROC: :PapsmAB
and Mer-11107 was inoculated into 60 mL of seed medium
(soluble starch 2%, soy bean meal (ESUSAN-MEAT manufactured
by Ajinomoto Co. Ltd.) 2%, yeast extract 0.3%, K;HPO, 0.1%,
MgSQ4-7H,0 0.25%, CaCO; 0.3%, pH not adjusted) and incubated
at 25°C for 3 days. 600 pL of the resulting seed culture

broth was inoculated into 60 mL of main culture medium
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{soluble starch 5%, glucose 1%, Pharmamedia 3%, adekanol
LG-126 0.05%, CaCO; 0.1%, pH 7.5), and cultured at 25°C for
3 days, 4 days, 5 days and 6 days. After the completion of
the cultivation, the resulting culture broth was extracted
by addition of 4 times the amount of acetonitrile. The
amounts of pladienolide B and its l6-position hydroxide
pladienolide D in the resulting extract were measured by
HPLC. The measurement results are shown in Table 2. The
HPLC measurement conditions were as follows.
Device: Shimadzu HPLC 10Avp
Column: Develosil ODS UG-3 (p 4.6 mm x 50 mm 3 pm)
Mobile phase: 45% to 55% methanol (0 to 5 min)
55% methanol (5 to 13 min)
55% to 70% methanol (13 to 21 min)
70% methanol (21 to 25 min)
Flow rate: 1.2 mL/min
Detection: UV 240 nm
Injection volume: 5 uL
Column temperature: 40°C
Analysis time: 25 min
Retention time: Pladienolide B 12.4 min
Pladienolide D 4.3 min

Table 2
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Mer-11107::pAOC::PapsmAB strain Mer-11107 strain
Pladienolide B | Pladienclide D |Pladienolide B| Pladienclide
(mg/L) (mglL) (mg/L) D (mgil)
cultured for 3 days
36.2 148.4 180.5 0.0
(72 hours)
cultured for 4 days;
93.2 289.3 3381 0.0
(96 hours)
cultured for 5 days
122.3 420.6 402.2 0.0
(120 hours)
cultured for 6 days|
118.3 535.8 372.2 0.0
(144 hours)

While almost no production of pladienolide D was seen
with the parent strain Mer-11107, pladienolide D was
produced by the Mer-11107::pAOC::PapsmAB strain having the
introduced pAOC::PapsmAB. This shows that direct
production of pladienolide D can be achieved by introducing
the pladienolide B 16-position hydroxylase gene psmAB into
the pladienolide B-producing strain Mer-11107.

Example 5: Effects of B-CD addition on pladienolide D
production by Mer-11107::pAOC: :PapsmAB strain

The effects of B-cyclodextrin (f-CD) addition on
productivity of pladienolide B and its 1lé6-position
hydroxide pladienolide D by the Mer-11107::pAOC::PapsmAB
strain obtained in Example 3 were investigated. 300 uL of
frozen Mer-11107::pAOC: :PapsmAB seed was inoculated into 30
mL of seed culture medium (soluble starch 2%, soy bean meal
(ESUSAN-MEAT manufactured by Ajinomote Co. Ltd.) 2%, yeast

extract 0.3%, K;HPO; 0.1%, MgSO,-7H,0 0.25%, CaCO3 0.3%, pH
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not adjusted), and incubated at 25°C for 3 days. 300 plL of
the resulting seed culture broth was inoculated into 30 mL
of main culture medium to which 2% B-CD was added (soluble
starch 5%, glucose 1%, Pharmamedia 3%, adekanol LG-126
0.05%, B-CD 2.0%, CaCOs; 0.1%, pH 7.5) or 30 mL of main
culture medium without B-CD added (soluble starch 5%,
glucose 1%, Pharmamedia 3%, adekanol LG-126 0.05%, CaCO;
0.1%, pH 7.5), and incubated for 3 days, 4 days, 5 days and
6 days at 25°C. After the completion of the cultivation,
the resulting culture liquid was extracted by addition of 4
times the amount of acetonitrile. The amounts of
pladienolide B and its l6-position hydroxide pladienolide D
in the resulting extract were measured by HPLC. The
measurement results are shown in Table 3. The HPLC
measurement conditions were as follows.
Device: Shimadzu HPLC 10Avp
Column: Develosil ODS UG-3 (p 4.6 mm x 50 mm 3 pm)
Mcbile phase: 45% to 55% methanol (0 to 5 min)
55% methanol (5 to 13 min)
55% to 70% methanol (13 to 21 min)
70% methanol (21 to 25 min)
Flow rate: 1.2 mL/min
Detection: UV 240 nm
Injection volume: 5 pL
Column temperature: 40°C

Analysis time: 25 min
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Retention time: Pladienolide B 12.4 min

Pladienolide D 4.3 min

Table 3
2% B-CD added No 8-CD added
Pladienolide B|Pladienolide D|Pladienolide B | Pladienolide D
(mg/L) (mg/L) (mg/L) (mg/L)
cultured for 3 days
199.4 202.0 36.2 148.4
(72 hours)
cultured for 4 days
362.8 350.5 93.2 289.3
(96 hours)
cultured for § days
484.3 580.1 122.3 420.6
(120 hours)
cultured for 6 days|
4331 7741 118.3 536.8
(144 hours)

As a result, addition of 2% B-CD resulted in a roughly
1.4 times increase in pladienolide D accumulation, showing
that addition of B-CD has an effect on direct production of
pladienolide D.

Example 6: Pladienolide production by Mer-
11107::pAOC: : PapsmAB strain (2)

300 pL of frozen seed of the Mer-11107::pAOC: :PapsmAB
strain obtained in Example 3 was inoculated into 30 mL of
seed culture medium (soluble starch 2%, soy bean meal
(ESUSAN-MEAT manufactured by Ajinomoto Co. Ltd.) 2%, yeast
extract 0.3%, KHPO, 0.1%, MgSO4:7H;O 0.25%, CaCO; 0.3%, pH
not adjusted) and incubated at 25°C for 3 days. 300 pL of

the resulting seed culture broth was inoculated into 30 mL
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of main culture medium (soluble starch 5%, glucose 1%,
Pharmamedia 3%, soy bean powder (J-0il Mills: Honen SoyPro)
1%, adekanol LG-126 0.05%, P-CD 2.0%, CaCO; 0.1%, pH 7.5),
and cultured for 3 days, 4 days, 5 days, 6 days and 7 days
at 25°C.

After the completion of the cultivation, the resulting
culture liquid was extracted by addition of 4 times the
amount of acetonitrile. The amounts of pladienolide B and
its 1l6-position hydroxide pladienolide D in the resulting
extract were measured by HPLC. The measurement results are
shown in Table 4. The HPLC measurement conditions were as
follows.

Device: Shimadzu HPLC 10Avp

Column: Develosil ODS UG-3 (p 4.6 mm x 50 mm 3 pm)

Mobile phase: 45% to 55% methanol (0 to 5 min)

55% methanol (5 to 13 min)
55% to 70% methanol (13 to 21 min)
70% methanol (21 tc 25 min)

Flow rate: 1.2 mL/min

Detection: UV 240 nm

Injection volume: 5 pL

Column temperature: 40°C

Analysis time: 25 minutes

Retention time: Pladienolide B 12.4 minutes

Pladienclide D 4.3 minutes

Table 4

82

-84-




Pladienolide B (mg/L) | Pladienolide D (mg/L)
ltured for 3 d
cultured for 3 days 378.3 2306
(72 hours)
ltured for 4 d
culturea ror ays 6014 567.9
(96 hours)
cultured for 5 days 4504 §74.2
(120 hours)
I
cultured for 6 days 3874 0854
(144 hours)
ltured for 7 d
cuturectior raays 439.1 1215.9
(168 hours)

50 mL of extract obtained by adding an equal amount of
acetonitrile to the aforementioned culture broth was
filtered, and the mycelia were washed with 30 mL of water.
70 mL of water was added to the filtrate, which was then
extracted once with 100 mL and twice with 50 mL of ethyl
acetate. The ethyl acetate layers were combined, washed
twice with 50 mL of brine and dried over anhydrous sodium
sulfate. After removing the sclvent, the resulting residue
was purified by thin layer chrcmatography [MERCK Silicagel
60 F254 0.5 mm developing solution; toluene:acetone=1:1) to
obtain 12.8 mg of pladienolide B and 23.1 mg of
pladienolide D. The 'H-NMR analysis results for
pladienolide B and pladienolide D were as follows.
Pladienolide B;

'H-NMR spectrum (CDsOD, 500 MHz): & ppm (integration,

multiplicity, coupling constant J (Hz)):
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0.93 (3H,d,J=7.0Hz), 0.94 (3H,d,J=6.8Hz), 0.98
(38,t,J=8.0Hz), 1.12 (3H,d,J=6.8Hz), 1.23 (3H,s), 1.25
(1H,m), 1.42 (2H,m), 1.53-1.70 (6H,m), 1.79 (3H,d,J=1.0Hz),
2.10 (3H,s), 2.52 (1H,m), 2.56 (2H,m), 2.60 (1H,m}, 2.70
(1H,dd,J=2.4,8.3Hz), 2.76 (1H,dt,J=2.4,5.7Hz), 3.56
(1H,dt,J=8.3,4.4Hz), 3.82 (1lH,m), 5.08 (2H,d,J=9.8Hz), 5.60
(1H,dd,J=9.8,15.2H2z), 5.70 (1K,dd,J=8.3,15.2Hz), 5.74
(1H,dd,J=9.8,15.2Hz), 6.13 (1K,d,J=9.8Hz), 6.36
(1H,dd, J=9.8,15.2Hz)
Pladienolide D;
1H-NMR spectrum (CD;OD, 500 MHz): & ppm (integration,
multiplicity, coupling constant J (Hz)):
0.93 (3H,d,J=7.0Hz), 0.95 (3H,d,J=6.8Hz)}, 0.98
(3H,t,J=8.0Hz), 1.23 (3H,s), 1.30 (1H,m), 1.36-1.66 (9H,m),
1.70 (1H,dd,J=6.4,14.2Hz), 1.82 (3H,d,J=1.0Hz), 1.90
(1H,dd, J=6.4,14.2Hz), 2.10 (3H,s), 2.52 (2H,m), 2.62 (1H,m),
2.72 (1B,dd,J=2.4,8.3Hz), 2.94 (1H,dt,J=2.4,5.7Hz}, 3.55
(1H,dt,J=8.3,4.4dz), 3.82 (1H,m), 5.10 (1H,d,J=9.8Hz), 5.11
(1H,d,J=10.8Rz), 5.60 (1H,dd,J=9.8,15.2Hz), 5.74
(1H,dd, J=8.3,15.2Hz), 5.92 (1lH,d,J=15.2Hz), 6.18
(1H,d, J=10.8Hz), 6.57 (1H,dd,J=10.8,15.2Hz)
Example 7: Introduction of recombination plasmid
pPAQOC: :PapsmAB into Mer-11107 pldB::hyg strain

The S$17-1/pROC::PapsmAB strain obtained in Example 3
was inoculated into 10 mL of LB medium (1% bacto tryptone,

0.5% yeast extract, 0.5% NaCl) comprising 25 pg/mL
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kanamycin and shaking cultured for 2 hours at 30°C, and the
mycelia were collected, washed twice with 10 mL of LB
medium and suspended in 5 mL of LB medium. This was the
donor suspension.

While the donor suspension was being prepared, the
Mer-11107 pldB::hyg strain prepared in Reference Example
1(8) was inoculated into 10 mL of TSB medium (Trypto-Soya
broth: Nissui Pharmaceutical) and shaking cultured at 30°C
for 5 hours, and the mycelia were collected, washed twice
with 10 mL of sterilized water and suspended in 1 mL of
sterilized water. This was the recipient suspension. 500
pL of the S17-1/pAOC::PapsmAB donor suspension was mixed
with 10 pL of the resulting Mer-11107 pldB::hyg recipient
suspension, and applied to Actino Medium No. 4 agar medium
(Nippon Seiyaku). After incubated at 30°C for 18 hours,
this was covered with 2.5 mL of SNA (0.8% nutrient medium:
Difco, 0.4% agar) containing 2 mg/mlL ribostamycin and
incubated at 30°C for 7 days to obtain a ribostamycin-
resistant pAOC::PapsmAB-transformed Mer-11107
pldB: :hyg::pAOC: : PapsmAB strain.

Example 8: Pladienolide production test of Mer-11107
pldB: :hyg: :pAOC: : PapsmAB strain

The Mer~11107 pldB::hyg::pAOC::PapsmAB strain obtained
in Example 7 and the parent Mer-11107 pldB::hyg strain as a
control were tested for productivity of ME-265 and its 16-

position hydroxide ME-282. 300 uL each of frozen seed of
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Mer-11107 pldB::hyg::pAOC::PapsmABR and Mer-11107 pldB::hyg
was inoculated intc 30 mL of seed medium (soluble starch 2%,
soy bean meal (ESUSAN-MEAT manufactured by Ajinomoto Co.
Ltd.) 2%, yeast extract 0.3%, KHPO, 0.1%, MgSQ4+7H,0 0.25%,
CaCO0; 0.3%, pH not adjusted) and incubated at 25°C for 3
days. 300 pL of the resulting seed culture broth was
inoculated into 30 mL of main culture medium with 2% B-CD
added thereto (soluble starch 5%, glucose 1%, Pharmamedia
3%, adekanol LG-126 0.05%, B-CD 2.0%, CaCOs 0.1%, pH 7.5),
and incubated at 25°C for 3 days, 4 days, 5 days and 6 days.
After the completion of the cultivation, the culture broth
was extracted by addition of 4 times the amount of
acetonitrile. The amounts of ME-265 and its lé-position
hydroxide ME-282 in the resulting extract were measured by
HPLC. The measurements results are shown in Table 5. The
HPLC measurement conditions were as follows.
Device: Shimadzu HPLC 10Avp
Column: Develosil ODS UG-3 (p 4.6 mm x 50 mm 3 pm)
Mobile phase: 45% to 55% methanol (0 to 5 min)
55% methanol (5 to 13 min)
55% to 70% methanol (13 to 17 min)
70% methanol (1 to 35 min)
Flow rate: 1.2 mL/min
Detection: UV 240 nm
Injection volume: 5 uL

Column temperature: 40°C
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Analysis time: 35 minutes
Retention time: ME-265 21.0 min
ME-282 15.6 min

Table 5

Mer-11107

pldB::hyg::pAOC::PapsmAB strain Mer-11107 pidB:hyg strain

ME-265 (mg/L) | ME-282 (mg/L) |ME-265 (mg/L)| ME-282 (mg/L)
itured for 3 d
cultured for 3 days| 478 153.8 4857 0.0
(72 hours})
ltured for 4 d
cultured for 4 days| 63.5 299 1 907.0 0.0
(96 hours)
cultured for § days 705 280.5 1534.4 0.0
(120 hours)
ltured for € d
cultured for € days 718 309.6 2031.3 0.0
(144 hours)

While almost no production of ME-282 was seen with the
parent strain Mer-11107 pldB::hyg, ME-282 was produced by
the Mer-11107 pldB::hyg::pAOC: :PapsmAB strain into which
pAOC: : PapsmAB was introduced. This shows that direct
production of ME-282 can be achieved by introducing the ME-
265 16-position hydroxylating enzyme gene psmAB into the
ME-265 producing strain Mer-11107 pldB::hyg.

A filtration aid was added to about 90 mL of extract
obtained by addition of an equal amount of acetonitrile to
the aforementioned Mer-11107 pldB::hyg::pAOC: : PapsmAB
culture broth, which was then mixed and filtered through 60
¢ Kiriyama funnel (Kiriyama filter paper No. 4) to isolate
the mycelia. The mycelia were washed with 50 mL of water

to obtain a mycelia isolation filtrate. The mycelia
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isolation filtrate was extracted twice with 100 mL of ethyl
acetate. After drying over anhydrous sodium sulfate, the
solvent was removed to obtain the residue. This was
purified by thin layer chromatography (MERCK Silicagel 60
F254 0.5 mm developing solution; toluene:acetone=1:1) to
obtain 0.5 mg of ME-265 and 12.5 mg of ME-282. The ‘H-NMR
analysis results for the ME-265 and ME-282 were as follows.
ME-265;

'H-NMR spectrum (CD;OD, 500 MHz): & ppm (integration,
multiplicity, coupling constant J (Hz)):
0.87(3H,d,J=7.0Hz), 0.90(3H,d,J=7.0Hz), 0.94(3H,d,J=7.3Hz),
0.97(3H,d,J=7.0Hz), 1.08(3H,d,J=7.0Hz), 1.17-1.21(1H,m),
1.24-1.36(2H,m), 1.42-1.52(3H,m), 1.61-1.66(3H,m),
1.74(3H,d,J=1.1Hz), 1.89-1.96(1H,m), 2.00(3H,s), 2.41-
2.47(1H,m), 2.43(1H,dd,J=5.5,12.9%Hz), 2.51-2.58(1H,m),
2.56(1H,dd,J=3.7,13.9Hz), 2.65(1H,dd,J=2.2,8.1Hz), 2.72
(1H,dt,J=2.2,5.9H4z), 3.51(1H,dt,J=4.4,8.4Hz), 3.75-3.80
(1H,m), 4.91(1H,dd,J=8.8,10.6Hz), 5.00(1H,d,J=10.6Hz),
5.42(1H,dd,J=59.2,15.0Hz), 5.49(1H,dd,J=9.2,15.0Hz),
5.65(1H,dd, J=8.4,15.0Hz), 6.08(1H,d,J=10.6Hz),
6.32(1H,dd,J=10.6,15.0Hz)

ME-282;

'H-NMR spectrum (CD30D, 500 MHz): & ppm (integration,
multiplicity, coupling constant J (Hz)):
0.87(3H,d,J=7.0Hz), 0.90(3H,d,J=7.0Hz), 0.94(3H,t,J=7.3Hz),

0.97(3H,d,J=6.6Hz), 1.21-1.26(1H,m), 1.29-1.37(3H,m),
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1.34{3H,s), 1.44-1.52(2H,m),1.60-1.64(1H,m),
1.65{1H,dd,J=6.2,13.9Hz), 1.77(3H,d,J=1.1Hz),
1.86{1H,dd,J=5.4,13.9Hz), 1.89-1.94(1H,m), 2.00(3H,s),
2.43(1H,dd, J=5.5,13.9Hz), 2.50-2.60(1H,m), 2.56
(1H,dd,J=3.3,13.9Hz), 2.66(1H,dd,J=2.2,7.7Hz), 2.89
(1H,dt,J=2.2,6.2Hz), 3.52(1H,dt,J=4.8,8.4Hz), 3.75-3.80
(1H,m), 4.90(1H,overlappedwith D,0), 5.01(1H,d,J=10.6Hz),
5.42{1H,dd, J=9.2,15.0Hz), 6.13(1H,d,J=10.6Hz), 6.52
(1H,dd, J=11.0,15.0Hz)
Example 9: Preparation of plasmid pPepsmAB comprising ermE
promoter connected to psmAB

The ermE promoter region was ligated to psmAB in order
to cause expression of psmAB using the ermE promoter. The
two primers eDM-SphF (Sphl site added to 5’-terminal: see
Sequence No. 27) and eDM-SphR (Sphl site added to 5'-
terminal: see Sequence No. 28) comprising the sequences
shown below were synthesized based on the nucleotide
sequence information of Sequence No. 2 for purposes of
amplifying psmAB.
eDM-SphF: 5’ -TCCCCGCATGCCGGAACTGACGGACATCAC-3'
eDM-SphR: 5’ -CCCGGGCATGCAGACGACGACGTAGAGGAA-3'

These primers were used to carry out PCR under the
following conditions.
(PCR reaction liquid composition: usirg Takara LA Taq
(Takara Bio Inc.))

Sterile purified water: 17 uL
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2x concentration GC buffer II 25 pL

dNTP mixed solution (2 mM each dATP, dGTP, dCTP and dTTP):

5 pL
LA Taq 0.5 pL
eDM-SphF (50 pmol/uL) 0.5 pL
eDM-SphR (50 pmol/pL) 0.5 pL
Streptomyces esp. RA-1544 genome DNA 1 uL

(Reference Example 2(1), 10 ng/pL)
(Reaction conditions: using T GRADIENT (Biometra))

85°C, 3 minutes

(98°C 20 sec, 68°C 4 min) 30 cycles

68°C, 5 minutes

The 1570 bp DNA fragment comprising psmAB that was
amplified as a result of this reaction was collected with a
QIAquick PCR Purification Kit (QIAGEN Co.). The resulting
1570 bp DNA fragment was digested with restriction enzyme
SphI. The plasmid pSK117 (J. Bacteriol. Vol. 2002 184,
6417-6423) was similar digested with restriction enzyme
SphI. The resulting 1570 bp DNA fragment digest comprising
psmAB and the plasmid digest were ccnnected using DNA
Ligation Kit Ver. 2.1 (Takara Bio Inc.). A plasmid
pPepsmAB comprising the ermE promoter connected to psmAB
was constructed in this way.
Example 10: Preparation of recombinaticn plasmid containing
psmAB connected to ermE promoter

The plasmid pPepsmAB prepared in Example 9 was
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digested with restriction enzymes Kpnl and BgllIl, and
blunt-ended using BKL Kit (Takara Bio Inc.). The resulting
DNA was electrophoresed (Mupid-ex: Advance) on 0.8%
Molecular Biology Agarose™ (BIO-RAD), and the isolated 2060
bp DNA fragment (hereunder called PepsmAB) comprising the
ermE promoter and psmAB was excised and collected and
purified by QIAquick Gel Extraction Kit (QIAGEN Co.). The
recombination vector pUCl1%aph::oriT::intphiC31 shown in Fig.
4 was also digested with restriction enzyme BamHI, and
blunt-ended with BKL Kit (Takara Bic Inc.). The resulting
vector was connected to PepsmAB using DNA Ligation Kit Ver.
2.1 (Takara Bio Inc.). Thus, the recombination plasmid
PAOC: :PepsmAB having PepsmAB inserted into the
recombination vector pUCl9aph::oriT::intphaiC31 was
constructed.
Example 11: Preparation of recombination plasmid containing
natural psmAB

A primer DM-BglF (5'-CGCATAGATCTTCACCCGAGCGGGTGATCA-
37: see the Sequence No. 35) having a BglII site added to
the 5'-end and a primer DM-BglR (5'-
TCCCGAGATCTTGAAGGTCCGCGTCACCGT-3’: see the Sequence No. 36)
having a BgllI site added to the 5'-end were designed and
prepared with reference to the nucleotide sequence of the
Sequence No. 2. Next, these two primers (DM-BglF and DM-
BglR) and the A-1544 genomic DNA obtained in Reference

Example 2(1} as the template were used to carry out PCR
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reaction. The PCR reaction was conducted by repeating a
three-stage reaction including denaturing carried out at
98°C for 20 seconds, annealing carried out at 63°C for 30
seconds and elongation carried cut at 68°C for 4 minutes 30
times by using Takara LA Tag (Takara Bio Inc.) and a PCR
amplifier (T Gradient, BRiometra Co.). A roughly 3.5 kbp
DNA fragment (hereunder called PopsmAB) comprising natural
psmA and psmB was collected from the PCR amplification
reaction liquid by agarose gel electrophoresis and SUPREC
01 (Takara Bio Inc.). The resulting DNA fragment was
digested with restriction enzyme BglII. The
pUCl9aph::oriT::intphiC31 recombination vector shown in Fig.
4 was also digested with restriction enzyme BamHI. The
resulting vector and PopsmAB were connected using DNA
Ligation Kit Ver. 2.1 (Takara Bio Inc.). A recombination
plasmid pAOC::PopsmAB comprising PopsmAB inserted into the
recombination vector pUCl9aph::oriT::intphiC31 was thus
constructed.
Example 12: Introduction of recombination plasmids
pUC19aph::oriT::intphiC31, pAOC::PepsmAB and pAOC::PopsmAB
into Mer-11107.

The recombination vector pUCl8aph::oriT::intphiC31 and
the pAOC::PepsmAB and pAOC::PopsmAB obtained in Examples 10
and 11 were each transformed into conjugated E. coli S17-1
(ATCC47055) by electroporation to obtain 3517-

1/pUCl8%aph::oriT::intphiC31, S17-1/pAOC::PepsmAB and S17-

92

-94-




1/pAQC::PoepsmAB strains. The resulting three strains were
inoculated into 10 mL of LB medium [1% bacto tryptone, 0.5%
yeast extract, 0.5% NaCl) comprising 25 pg/mL kanamycin and
shaking cultured at 30°C for 2 hours, after which the
mycelia were collected, washed twice with 10 mL of LB
medium and suspended in 5 mlL of LB medium. These were the
donor suspensions.

While the donor suspension was being prepared, Mer-
1107 was inoculated into 10 mL of TSB medium (Trypto-Soya
broth: Nissui Seiyaku) and shaking cultured at 30°C for 5
hours, after which the mycelia were collected, washed twice
with 10 mL of sterile water and suspended in 1 mL of
sterile water. This was the recipient suspension. 500 pL
of each of the donor suspensiors of the obtained three
strains above was mixed with 1C pL of the Mer-11107
recipient suspension, and applied to Actino Medium No. 4
agar medium. After incubated at 30°C for 18 hours, these
were covered with 2.5 mL of SNA (0.8% nutrient medium:
Difco, 0.4% agar) comprising 2 mg/mL ribostamycin, and
incubated at 30°C for 7 days tc obtain ribostamycin-
resistant pUCl9aph::oriT::intphiC31-transformed Mer-
11107::pAOC, pAOC::PepsmAB-transformed Mer-
11107::pAOC: : PepsmAB and pAOC: :PopsmAB-transformed Mer-
11107: :pAOC: : PopsmAB strains.
Example 13: Pladienolide producticn test of Mer-11107::pAOC

strain, Mer-11107::pAOC::PepsmAB strain and Mer-
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11107::pAOC: :PopsmAB strain

The Mer-11107::pA0OC strain, Mer-11107::pAOC::PepsmAB
strain and Mer-11107::pACC: :PopsmAB strain obtain in
Example 12 were tested for productivity of pladienolide B
and its lé6-position hydroxylate pladienolide D. 300 pL
each of frozen seed of Mer-11107::pA0OC, Mer-
11107::pA0OC: : PepsmAB and Mer-11107::pAOC: : PopsmAB was
inoculated into 20 mL of seed medium (soluble starch 2%,
soy bean meal (ESUSAN-MEAT manufactured by Ajinomoto Co.
Ltd.) 2%, yeast extract 0.3%, K;HPO, 0.1%, MgSO,-7H,0 0.25%,
CaCO; 0.3%, pH not adjusted) and incubated at 25°C for 2
days. 300 pL of the resulting seed culture broth was
inoculated into 30 mL of main culture medium {soluble
starch 5%, glucose 1%, Pharmamedia 3%, CaCO; 0.1%, pH 7.5)
and incubated at 25°C for 4 days. After the completion of
the cultivation, the culture broth was extracted by
addition of 9 times the amount of acetonitrile. The
amounts of pladienolide B and its 16-position hydroxide
pladienclide D in the resulting extract were measured by
HPLC. The measurement results are shown in Table 6. The
HPLC measurement conditions were as follows.

Device: Shimadzu HPLC 10Avp

Column: Develosil ODS UG-3 (¢ 4.6 mm * 50 mm 3 um)

Mobile phase: 45% to 55% methanol (0 to 5 min)

55% methanol (5 to 13 min)

55% to 70% methanol (13 to 21 min)
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70% methanol (21 to 25 min)
Flow rate: 1.2 mL/min
Detection: UV 240 nm
Injection volume: 5 uL
Column temperature: 40°C
Analysis time: 25 min
Retention time: Pladienolide B 12.4 min

Pladienolide D 4.3 min

Table 6
Mer- Mer- Mer-
11107 :0AQ 11107::pAOC:| 11107::pAOC:
P ‘PepsmAB | :PopsmAB
C strain . .
strain strain
Pladienclide B 243.0 300.0 2413
(mg/L)

Pladienclide D

(mg/L) 0.0 54.8 18.8

While almost no production of pladienclide D was seen
with Mer-11107::pA0OC in which only the vector was
introduced, pladienolide D was produced by the Mer-

11107: :pAQC: : PepsmAB and Mer-11107::pAOC: :PopsmAB strains
having introduced pAOC::PepsmAB and pBROC::PopsmAB. This
shows that direct production of pladienclide D can be
achieved by introducing the pladienclide B lé-position
hydroxylase gene psmAB into the pladienolide B producing
strain Mer-11107.

Example 14: Preparation of pPampsmAB comprising variant

psmA
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pPampasmAB-CLM, pPampsmAB-CLLM, pPampsmAB-CLFM and
pPampsmAB-TY having mutations introduced using QuickChange™
Site-Directed Mutagenesis Kit with the pPapsmAB prepared in
Example 1 as the template were prepared in order to add
site-directed mutations to psmA.

Primers RY1C-F and R91C-R (see the Sequence Nos. 37
and 38) having the sequences shown below were first
synthesized:

RO1C-F: 5'-TTCGCGGCCGTCTGCGACCGGCCGGTG~3!

ROAC-R: 5’ ~CACCCGCCGGTCGCAGACGGCCGCGAA-3

and & mutation was introduced using QuickChange™ Site-
Directed Mutagenesis Kit with pPapsmAB as the template,
replacing the #91 arginine of PsmA with cysteine to prepare
pPampsmAB-C.

Next, primers R195L-F and R195L-R (see the Sequence
Nos. 39 and 40) having the sequences shown below were
synthesized:

R185L-F: 5’ -TCGCAAGGGGCGCTCGAGCGGCTCGAG-3"

R185L-R: 5’ -CTCGAGCCGCTCGAGCGCCCCTTCCGA-3!

and a mutation was introduced using QuickChange™ Site-
Directed Mutagenesis Kit with pPapsmAB-C as the template,
replacing the #195 arginine of PsmA with leucine to prepare
pPampsmAB-CL.

Next, primers L403M-F and L403M-R (see the Sequence
Nos. 41 and 42) having the sequences shown below were

synthesized:
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L403M-F: 5’ -ACGATCCAGGGGATGATGGAACTCCCCGTGA-3!
L403M-R: 5’ -TCACGGGGAGTTCCATCATCCCCTGGATCG-3'
and a mutation was introduced using QuickChange™ Site-
Directed Mutagenesis Kit with pPapsmAB-CL as the template,
replacing the #403 leucine of PsmA with methionine to
prepare pPampsmAB-CLM,

Next, primers R236L-F and R236L-R (see the Sequence
Nos. 43 and 44) having the sequences shown below were
synthesized:
R236L-F: 5’ -AGCTGGACCGACTCGACGTGGTGGCGCTGG-3
R236L-R: 5" -AGCGCCACCACGTCGAGTCGGTCCAGCTC-3'
and a mutation was introduced using QuickChange™ Site~
Pirected Mutagenesis Kit with pPapsmAB~CLM as the template,
replacing the #236 arginine of PsmA with leucine to prepare
pPampsmAB-CLLM.

Next, primers I244F-F and I244F-R (see the Sequence
Nos. 45 and 46) having the sequences shown below were
synthesized:
1244F-F: 5" -TGGCGCTGGCCGTCTTCCTGCTCGTGG-37
1244F-R: 5'-CCACGAGCAGGAAGACGGCCAGCGCCACCA-3’
and a mutation was introduced using QuickChange™ Site-
Directed Mutagenesis Kit with pPapsmAB-CLM as the template,
replacing the #4244 isoleucine of PsmA with phenylalanine to
prepare pPampsmAB-CLEM.

Next, primers M112T-F and M112T-R (see the Sequence

Nos. 47 and 48) having the sequences shown below were
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synthesized:
M112T-F: 5’ -CAGCGGCGGATGACGATCCCGTCGTTC-3"
M112T-R: 5’ -GAACGACGGGATCGTCATCCGCCGCTG-3"
and a mutation was introduced using QuickChange™ Site-
Directed Mutagenesis Kit with pPapsmAB as the template,
replacing the #112 methionine of PsmA with threonine to
prepare pPampsmAB-T.

Finally, primers R195Y-F and R195Y-R (see the Sequence
Nos. 49 and 50) having the sequences shown below were
synthesized:
R195Y-F: 5’ -AGGGGCGCGCGAGTACCTCGAGGAGTACCT-3'
R195Y-R: 5’ -GGTACTCCTCGAGGTACTCGCGCGCCCCTT-3"
and a mutation was introduced using QuickChange™ Site-
Directed Mutagenesis Kit with pPapsmAB-T as the template,
replacing the #195 arginine of PsmA with tyrosine to
prepare pPampsmAB-TY.
Example 15: Preparation of introduction plasmid by double
homologous recombination

In the belief that psmAB or variants thereof could be
introduced by double homologous recombination using a
nucleotide sequence comprising DNA participating in
pladienclide biosynthesis that had already been determined
in Reference Example 1 (7) determining the nucleotide
sequence of the pladienolide biosynthesis gene cluster,
along with neighboring DNA therecf, an introduction plasmid

was prepared by the following methods.
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The Four primers, pldout-L-Bgl2F, pldout-L-SphlR,
pldout-R-SphlF and pldout-R-Bgl2R (see the Sequence Nos. 51,
52, 53 and 54) having the sequences shown below, were
synthesized based on the nucleotide sequence downstream
from DNA participating in pladienolide biosynthesis in
order to amplify a sequence for purposes of double
homologous recombination:
pldout-L-Bgl2F: 5’ -GGGAGATCTGCAGGTCATCGGGGGGAAGAACCACA-3'
pldout-L-5phlR: 5’ -TCTCCAGCCGCATGCGGTCCCGGGTCACCGT-3"
pldout-R-SphlF: 5'-CCCGCATGCGGCTGGAGATCATCCAGAGCGCA-3’
pldout-R-Bgl2R: 5’ -GGGAGATCTAGAACATGCCGGGCCAGAGGCTGAC-3'

These primers were used to run a PCR under the
following conditions.

(PCR reaction liquid composition)
Sterile purified water 30 pL
2x concentration GC buffer II 50 pL

dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and dCTP)

16 uL
pldout-L-Bgl2F or pldout-R-SphlF (50 pmol/pL) 1 nL
pldout-L-SphlR or pldout-R-Bgl2R (50 pmol/pL) 1 pL
Mer-11107 total DNA (100 ng/pL) 1 pL

LA Taq polymerase (5u/pL, TAKARA HOLDINGS INC.)1 nL
(Reaction temperature conditions)

95°C, 3 minutes 30
cycles

(98°C 20 sec, 65°C 30 sec, 68°C 3 min)

99

-101-




72°C, 5 minutes

A 2.08 kb DNA fragment (DNA fragment LZ) was amplified
from the reaction using pldout-L-Bgl2F and pldout-L-SphlR,
while a 2.73 kb DNA fragment (DNA fragment RX) was
amplified from the reaction using pldout-R-SphlF and
pldout-R-Bgl2R. DNA fragments LZ and RX were purified with
QIAGEN PCR Purification Kit (QIAGEN Co.), and digested with
restriction enzymes BglII and Sphl.

Next, the two primers hyg-SpeSphF and hyg2-SphR (see
the Sequence Nos. 55 and 56) having the sequences shown
below were synthesized based on the nucleotide sequences
for purposes of amplifying the hygromycin resistance gene:
hyg-SpeSphF: 5’ -GGGGCATGCGGACTAGTACACCGTCGCCTCGGT -3’
hyg2-SphR: 5" ~GCCGCATGCGTCAGGCGCCGGGGGCGGTGT-3"

These primer were used to run a PCR under the
following conditions.

(PCR reaction liquid composition)
Sterile purified water 30 pL
2x concentration GC buffer II 50 pL

dNTP mixed solution (2.5 mM each dATP, dGTP, dTTP and dCTP)

16 uL
hyg-SpeSphF (50 pmol/pL) 1 uL
hyg2-SphR (50 pmol/pL) 1 L
Streptomyces hygroscopicus JCM 4772strain 1 pL

total DNA (100 ng/pL)

LA Taq po_ymerase (5u/pL, TAKARA HOLDINGS INC.)1 uL
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(Reaction temperature conditions)

95°C, 6 minutes 30 cycles
(98°C 20 sec, 63°C 30 sec, 68°C 2 min)

72°C, 5 minutes

The 1.21 kb DNA fragment (DNA fragment hyg2) amplified
as a result of this reaction was purified with QIAGEN PCR
Purification Kit (QIAGEN Co.) and digested with restriction
enzyme SphlI.

The DNA fragments LZ and RX digested with restriction
enzymes BglII and SphI, the DNA fracment hyg2 digested with
restriction enzyme Sphl and shuttle vector pKUZ53 (see Fig.
3) digested with restriction enzyme BamHI were all 4
connected together with DNA Ligatior Kit Ver. 2.1 (Takara
Bio Inc.;. Thus, a roughly 22 kb plasmid pKU253-LZ-hyg2-RX
for double homologous recombination was constructed
comprising pKU253 having inserted therein a roughly 6.0 kb
DNA fragment comprising DNA fragment hyg2 inserted between
DNA fragments LZ and RX.

Example 16: Insertion of psmAB or variants thereof into
introduction plasmid pKU253-LZ~hyg2-RX by double homologous
recombination

The pPapsmAB constructed in Example 1 and the
pPampsmAB-CLM, pPampsmAB-CLLM, pPampsmAB-CLFM and
pPampsmAB~TY constructed in Example 14 were digested with
restriction enzyme Spel. Each kind of DNA digested with

restriction enzyme Spel was electrophoresed (Mupid-ex:
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Advance] on 0.8% Certified™ Mclecular Biology Agarose (BIO-
RAD), and the isolated 1.8 kbp DNA fragment comprising the
pldA promoter and psmAB or variants thereof (hereunder
sometimes called PapsmAB, PampsmAB-CLM, PampsmAB-CLLM,
PapmsmAB-CLFM or PampsmAB-TY) was excised and collected and
purified with QIAquick Gel Extraction Kit (QIAGEN Co.).
The resulting DNA fragments (PapsmAB, PampsmAB-CLM,
PampsmAB-CLLM, PapmsmAB-CLFM and PampsmAB-TY) were
connected using DNA Ligation Kit Ver. 2.1 [Takara Bio Inc.)
to the pKU253-LZ-hyg2-RX prepared in Example 15, which had
been digested with restriction enzyme Spel. The respective
DNA fragments (PapsmAB, PampsmAB-CLM, PampsmAB-CLLM,
PapmsmAB-CLFM and PampsmAB-TY) were thus inserted upstream
from the hyg2 of pKU253-LZ~hyg2-RX to construct the roughly
24 kb plasmids pKU253-LZ-hyg2-PapsmAB-RX, pKU253-LZ-hyg2-
PampsmAB-CLM-RX, pKU253-LZ-hyg2-PampsmAB-CLLM-RX, pKU253-
LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-PampsmAB-TY-RX
for purposes of introducing psmAB or variants thereof by
double homologous recombination.
Example 17: Introduction of psmAB or variants thereof into
Mer-11107 by double homologous recombination

The resulting pKU253-LZ-hyg2-PapsmAB-RX, pKU253-LZ-
hyg2-PampsmAB-CLM-RX, pKUZ53-LZ-hyg2-PampsmAB-CLLM-RX,
pKUZ253-LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-
PampsmAB-TY-RX were each transformed by electroporation

into conjugated E. coli 517-1 to obtain S17-1/pKU253-LZ-
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hyg2-PapsmAB-RX, S17-1/pKU253-LZ-hyg2-PampsmAB-CLM-RX, S17-
1/pKU253-LZ-hyg2-PampsmAB-CLLM-RX, S17-1/pKU253-LZ-hyg2-
PampsmAB-CLFM-RX and S17-1/pKU253-LZ-hyg2-PampsmAB-TY-RX.
The resulting S17-1/pKU253-LZ-hyg2-PapsmAB-RX, S17-
1/pKU253-LZ-hyg2-PampsmAB-CLM-RX, S17-1/pKU253-LZ-hyg2-
PampsmAB-CLLM-RX, S17-1/pKU253-LZ-hyg2-PampsmAB-CLFM-RX and
S17-1/pKU253-LZ~-hyg2-PampsmAB-TY-RX were inoculated into LB
medium (1% bacto tryptone, 0.5% yeast extract, 0.5% NaCl)
comprising 25 pg/mL of kanamycin and 100 pg/mL of
hygromycin B and shaking cultured at 30°C for 2 hours, and
the mycelia were collected, washed twice with 10 mL of LB
medium and suspended in 5 mL of LB medium. These were the
donor suspensicns.

While the donor suspensions were being prepared, Mer-
11107 was inoculated into 10 mL of TSB medium (Trypto-Soya
broth: Nissui Seiyaku) and shaking cultured at 30°C for 5
hours, and the mycelia were collected, washed twice with 10
mL of sterilized water and suspended in 1 mL of sterilized
water. This was the recipient suspension. 500 mL each of
the S17-1/pKU253-LZ-hyg2-PapsmAB-RX, S17-1/pKU253-Lz-hyg2-
PampsmAB-CLM-RX, S17-1/pKU253-LZ-hyg2-PampsmAB-CLLM-RX,
§17-1/pKU253-LZ2-hyg2-PampsmAB-CLFM-RX and S17-1/pKU253-LZ-
hyg2-PampsmAB-TY-RX donor suspensions was mixed with 10 pL
of the Mer-11107 recipient suspension, and applied to
Actino Medium No. 4 agar medium (Nippon Seiyaku). After 18

hours of culture at 30°C, this was covered with 2.5 mL of
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SNA (0.8% nutrient medium: Difco, 0.4% agar) comprising 2
mg/mL of ribostamycin. These were incubated at 30°C for 7
days to obtain ribostamycin-resistant pKU253-LZ-hyg2-
PapsmAB-RX, pKU253~LZ-hyg2-PampsmAB-CLM-RX, pKU253-LZ-hyg2-
PanpsmAB-CLLM-RX, pKU253-LZ-hyg2-PampsmAB-CLFM-RX and
pKU253-LZ-hyg2-PampsmAB-TY-RX transformants.

The resulting pKU253-LZ~hyg2-PapsmAB-RX, pKU253-LZ-
hyg2-PampsmAB-CLM-RX, pKU253-LZ-hyg2-PampsmAB-CLLM-RX,
pKU253-LZ-hyg2-PampsmAB-CLFM-RX and pKU253-LZ-hyg2-
PanpsmAB-TY-RX transformants were each inoculated into 10
mL of TSB medium containing no ribostamycin, and shaking
cultured at 30°C for 24 hours. Each of pKU253-LZ-hyg2-
PapsmAB-RX, pKU253-LZ-hyg2-PampsmAB-CLM-RX, pKU253-LZ-hyg2-
PanpsmAB-CLLM-RX, pKU253-LZ~hyg2-PampsmAB-CLFM-RX and
pKU253-LZ~hyg2-PampsmAB-TY-RX transformant culture liquid
was collected and, washed twice with 10 mL of sterilized
water and suspended in 10 mL of sterilized water. Each
suitably diluted suspension was applied to YMS agar medium
(0.4% yeast extract, 1% wheat germ extract, 0.4% soluble
starch, 2% agar, 10 mM calcium chloride) comprising 200
pug/mL hygromycin B, and incubated at 30°C for 4 days.
Single colonies growing in YMS agar medium comprising
hygromycin B were transplanted to YMS agar medium
comprising 200 pg/mL of hygromycin B and YMS agar medium
comprising 200 pg/mL of ribostamycin, and incubated at 30°C

for 2 days. After the cultivation, hygromycin B-resistant,
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ribostamycin~sensitive strains were selected. The
resulting strains were strains having the hygromycin B-
resistance gene hyg2 and psmAB or variants thereof inserted
downstream in the genome (between nucleotides 73362 and
73369 in the Sequence No. 1) from DNA participating in
pladienclide biosynthesis, and were called Mer-11107-
ZX::hyg2::PapsmAB, Mer-11107-ZX::hyg2::PampsmAB-CLM, Mer-
11107-2X::hyg2: : PampsmAB-CLLM, Mer-11107-
ZX::hyg2::PampsmAB-CLEM and Mer-11107-ZX::hyg2::PampsmAB-TY.
Example 18: Pladienolide production by Mer-11107-
ZX::hyg2::PapsmAB, Mer-11107-ZX::hyg2::PampsmAB-CLM, Mer-
11107-2X::hyg2: :PampsmAB-CLLM, Mer-11107-
ZX::hyg2::PampsmAB-CLEM and Mer-11107-ZX::hyg2::PampsmAB-TY
500 pL each of frozen seed of the Mer-11107-
ZX::hyg2::PapsmAB, Mer-11107-ZX::hyg2::PampsmAB~CLM, Mer-
11107-2X: :hyg2: :PampsmAB-CLLM, Mer-11107-
ZX::hyg2::PampsmAB-CLFM and Mer-11107-2X::hyg2::PampsmAB-TY
obtained in Example 17 was inoculated into 25 mL of seed
medium (soluble starch 2%, soy bean meal (ESUSAN-MEAT
manufactured by Ajinomoto Co. Ltd.) 2%, yeast extract 0.3%,
KaHPO; 0.1%, MgSO4-7H,0 0.25% CaCO; 0.3%, pH not adjusted)
and incubated at 25°C for 3 days. 300 pL of the resulting
seed culture broth was inoculated into 30 mL of main
cultured medium (scluble starch 5%, glucose 1%, Pharmamedia
3%, SoyPro 1%, adekanol LG-126 0.05%, B-CD 2.0%, CaCO; 0.1%,

pH 7.5), and incubated at 25°C for 6 days.
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After the completion of the cultivation, the resulting
culture broth was extracted by additicon of 4 times the
amount of acetonitrile. The amounts of pladienolide D,
pladienolide H13 corresponded the 20-position hydroxyl
pladienolide D, pladienolide C2 corresponded the 21-
position carbonyl pladienolide D and pladienolide C3
corresponded the 20-position hydroxyl and 2l-position
carbonyl pladienolide D in the resulting extract were
measured by HPLC. The measurement results are shown in
Table 7. The HPLC measurement conditions were as follows.
(HPLC analysis conditions)

Device: Shimadzu HPLC 1O0Avp

Column: Develosil ODS UG-3 (4.6 mm x 50 mm 3 pm)

Mcbile phase: 20% to 35% acetonitrile (0 to 13 min)

35% to 100% acetonitrile (13 to 17 min)
20% acetonitrile (17 to 22 min)

Flow rate: 1.0 mL/min

Detection: Uv 240 nm

Injection volume: 5 pL

Column temperature: 40°C

Analysis time: 22 minutes

Retention time: Pladienolide H13: 5.5 min

?ladienolide C3: B.3 min
?ladienolide D: 9.0 mir

Pladienolide C2: 11.1 min
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As a result, large amounts of the pladienolide
degradation products pladienclide H13, pladienolide C2 and
pladienolide C3 were produced together with pladienoclide D
by Mer-11107-Zx:hyg2: :PapsmAB having introduced PapsmAB,
while with Mer-11107-2X::hyg2::PampsmAB-CLM, Mer-11107-
2X::hyg2::PampsmAB-CLLM, Mer-11107-ZX::hyg2::PampsmAB-CLFM
and Mer-11107-2X::hyg2::PampsmAB-TY introduced with
PampsmAB-CLM, PampsmAB-CLLM, PampsmAB-CLFM and PampsmAB-TY,
pladienolide D was produced but production of the
pladienolide degradation products pladienclide H13,
pladienolide C2 and pladienolide C3 was reduced to
approximately one gquarter. These results suggested that by
introducing variants of the pladienolide B 16-position
hydroxylating enzyme gene-psmAB into the pladienolide B-
producing strain Mer-11107 it is possible to achieve direct
production of pladienolide D while reducing production of

pladienolide D degradation products.

Throughout this specification and the claims which follow,
unless the context requires otherwise, the word “comprise”,
and variations such as “comprisés” and “comprising”, will be
understood to imply the inclusion of a stated integer or
step or group of integers or steps but not the exclusion of

any other integer or step or group of integers or steps.

The reference in this specification to any prior publication
(or information derived from it), or to any matter which is
known, is not, and should not be taken as an acknowledgment
or admission or any form of suggestion that that prior
publication (or information derived from it) or known matter
forms part of the common general knowledge in the field of

endeavour to which this specification relates.
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Claims

1. A recombinant microorganism, which is a
microorganism having ability to produce 16-position
hydroxyl macrolide compounds represented by the formula

(I):

(wherein R represents a hydrogen atom or hydroxyl group),
and, which comprises:

(a} DNA encoding wholly or partially a polypeptide
participating in biosynthesis of the macrolide compounds

represented by the formula (II):

(I

(wherein R represents a hydrogen atom or hydroxyl group):
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and

(b) DNA encoding wholly or partially a polypeptide
having lé-position hydroxylating enzyme activity with
respect to the macrolide compounds represented by the above
formula (II).

2. The recombinant microorganism according to Claim 1,
wherein the DNA described in the above (a) is DNA encoding
wholly or partially a polypeptide having polyketide
synthetase activity, a polypeptide having 7-position
acetylase activity, a polypeptide having 18,19-position
epoxidase activity and a polypeptide having transcriptional
regulator factor activity.

3. The recombinant microorganism according to Claim 1
or 2, wherein the DNA described under (a) above is DNA
comprising:

(a=1) the continuous nucleotide sequence of nucleotides
8340 to 27935 in the Sequence No. 1;
(a-2) the continuous nucleotide sequence of nucleotides
28021 to 49098 in the Sequence No. 1;
(a-3) the continuous nucleotide sequence of nucleotides
49134 to 60269 in the Sequence No. 1;
(a-4) the continuous nucleotide sequence of nucleotides
60268 to 65692 in the Sequence No. 1;
(a-5) the continuous nucleotide sequence of nucleotides
68160 to 66970 in the Sequence No. 1;

(a-6) the continuous nucleotide sequence of nucleotides
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69568 to 68270 in the Sequence No. 1; and
(a-7) the continuous nucleotide sequence of nucleotides
72725 to 70020 in the Sequence No. 1, or a variant thereof.

4. The recombinant microorganism according to Claim 2
or 3, wherein the DNA described under (a) above further
includes DNA encoding wholly or partially a polypeptide
having 6-position hydroxylating enzyme activity.

5. The recombinant microorganism according to Claim 4,
wherein the DNA encoding wholly or partially a polypeptide
having 6-position hydroxylating enzyme activity is DNA
comprising the continuous nucleotide sequence of
nucleotides 65707 to 66903 in the Sequence No. 1, or a
variant thereof.

6. The recombinant microorganism according to any of
Claims 1 to 5, wherein the DNA described in the above (b)
above 1s DNA selected from the group consisting of:

(b-1) the continuous nucleotide sequence of nucleotides
1322 to 2548 in the Sequence No. 2;

(b-2) the continuous nucleotide sequence of nucleotides 420
to 1604 in the Sequence No. 3; and

(b-3) the continuous nuclectide sequence of nucleotides 172
to 1383 in the Sequence No. 4, or a variant thereof.

7. The recombinant microorganism according to any one
of Claims 1 to 6, wherein the DNA represented by (b) above
is a variant of DNA comprising the continuocus nucleotide

sequence of nucleotides 1322 to 2548 in the Sequence No. 2
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which has 1 or 2 or more modified sites selected from the

group consisting of 1) to 6) below:

1) a modified site wherein the sequence cgc of nucleotides
1592 to 1594 is modified to a codon encoding an amino acid
other than arginine;

2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 is modified tc a codon encoding an amino acid
other than methionine;

3) a modified site wherein the sequence cgc of nucleotides
1904 to 1906 is modified to a codon encoding an amino acid
other than arginine;

4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified to a codon encoding an amino acid
other than arginine;

5) a modified site wherein the sequence atc of nucleotides
2054 to 2056 is modified to a codon encoding an amino acid
other than isoleucine; and

6) a modified site wherein the sequence ctg of nucleotides
2528 to 2530 is modified to a codon encoding an amino acid
other than leucine.

8. The recombinant microorganism according to any one
of Claims 1 to 6, wherein the DNA represented by (b) above
is a variant of DNA comprising the continuocus nucleotide
sequence of nucleotides 1322 to 2548 in the Sequence No. 2
which has 1 or 2 or more modified sites selected from the

group consisting of 1) to 6) below:
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1} a modified site wherein the sequence cgc of nucleotides
1592 to 1594 is modified to a codon encoding cysteine,
methionine or proline;

2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 is modified to a codon encoding threonine or
serine;

3) a modified site wherein the sequence cgc of nucleotides
1904 to 1906 is modified to a codon encoding leucine,
isoleucine, proline, tyrosine or phenylalanine;

4) a modified site wherein the sequence cgc of nucleotides
2027 to 2029 is modified to a codon ercoding leucine,
isoleucine or proline;

5) a modified site wherein the seguence atc of nucleotides
2054 to 2056 is modified to a codon encoding phenylalanine
or valine; and

6) a modified site wherein the sequence ctqg of nucleotides
2528 to 2530 is modified to a codon encoding methionine,
cysteine or isoleucine.

9. The recombinant microorganism according to any one
of Claims 1 teo 6, wherein the DNA represented by (b) above
is a variant of DNA comprising the continuous nucleotide
sequence of nucleotides 1322 to 2548 in the Sequence No. 2
which has 1 or 2 or more modified sites selected from the
group consisting of 1} to 6) below:

1) a modified site wherein the sequence cgc of nucleotides

1592 to 1594 is modified to a codon encoding cysteine;
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2) a modified site wherein the sequence atg of nucleotides
1655 to 1657 is modified to a codon encoding threonine;

3) a modified site wherein the sequence cgc of nucleotides
1904 to 1906 is modified to a codon encoding leucine or
tyrosine;

4) a modified site wherein the sequence cgc of nucleotides

2027 to 2029 is modified to a codon encoding leucine;

5) a modified site wherein the sequence atc of nucleotides

2054 to 2056 is modified to a codon encoding phenylalanine;

and

6) a modified site wherein the sequence ctg of nucleotides

2528 to 2530 is modified to a codon encoding methionine.
10. The recombinant microorganism according to Claim

1, comprising a host having the DNA described under (a)

above into which has been incorporated the DNA described
under (b) above derived from a microorganism of a different
species.

11. The recombinant microorganism according to Claim
1, comprising a host having the DNA described under (b)
above into which has been incorporated the DNA described
under (a) above derived from a different species.

12. The recombinant microorganism according toc Claim
1, comprising a host having none of the DNA described under
(a) and (b) above into which has been incorporated the DNA
described under both (a) and (b) above derived from

different species.
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13. The recombinant microorganism according to any of
Claims 1 to 12, wherein the reccmbinant microorganism
having the ability to produce the l6é-position hydroxyl
macrolide compound represented by the formula (I) is a
strain belonging to Streptomyces genus.

14. The recombinant microorganism according to any of
Claims 1 to 13, wherein 50 mg or more of the le6-position
hydroxyl macrolide compound represented by the formula (I)
per 1 liter of culture broth can be produced when the
recombinant microorganism is inoculated into a 250 mL
Erlenmeyer flask containing 30 mL of the following medium,
cultured at 25°C for 4 days with rotary shaking (220 rpm)
and extracted by addition of 270 mL of acetonitrile, and
the resulting extract is analyzed by HPLC under the
following measurement conditions to assay the amount of the
lé-position hydroxyl macrolide compound represented by the
formula (I).

(Medium)

Soluble starch 5%, glucose 1%, Pharmamedia 3%, CaCoO;
0.1%, pH 7.5
(HPLC measurement conditions)

Device: Shimadzu HPLC 10Avp

Column: Develosil ODS UG-3 (p 4.6 mm x 50 mm 3 pm)

Mobile phase: 45%-55% methanol (0-5 min), 55% methanol
(5-13 min), 55%-70% methanol (13-21 min), 70% methanol (21-

25 min)
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Flow rate: 1.2 mL/min

Detection: UV 240 nm

Injection volume: 5 uL

Column temperature: 40°C

15. A method for producing 16-position hydroxyl
macrolide compounds represented by the formula (I) orA
pharmaceologically acceptable salts thereof, or hydrates of
them, wherein the recombinant microorganism according to
any of Claims 1 to 14 is cultured in nutritious medium, and
the l6-position hydroxyl macrolide compounds represented by
the formula (I) are collected from the culture broth
thereof.

16. The method according to Claim 15, wherein a
cyclodextrin is present in the culture broth.

17. The method according to Claim 16, wherein the
cyclodextrin is a cycleodextrin selected from the group
consisting of P-cyclodextrin, y-cyclodextrin, partially
methylated P-cyclodextrin, dimethyl-B-cyclodextrin,
trimethyl-f-cyclodextrin, glycosyl-p-cyclodextrin and

hydrokypropyl—B—cyclodextrin.

18. A recombinant microorganism according to Claim 1,
or a method according to Claim 15, substantially as herein
described with reference to the Examples and the

accompanying drawings.
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SEQUENCE LISTING

<110> Eisai R&D MANAGEMENT €O.. LTD.
<110> Mercian Corporation

<120> Recombinant microorganisms and metheds for producing macrolide compounds
using the microorganisms

<130> 06011PCT

<150> 2005-154114

<151> 2005-05-26

<160> 56

<2105 1
<211) 74342
<212> DNA

<213> Streptomyces sp

<400> 1
cgatttteca
ctotgaacct
gagaatcgtg
Ccgeeeogeeeg
tetggegege
ggttetgeeg
gggaacctac
gtegetgace
ggagggteag
getgaccgec
pgeteacctet
ggtgecgget
cggggagacg
cgegeacate
gtoeggaete
ggtggaggte
gegegoacee
cocctgeggea
tggggcaccg
goggeocgat
geatgegttt
ctcteacatg
agggctggaa
aggteggaga
getggegeog
ggococttgst
gtgtggcotg
ccaccatcge
cggcetocat
gggtetgete
gtgagtagac
geatgeccag
tzaccagegt
tcaccaggtt
cgttgageca
cgtagteget
ggocggocag
actecttget
getggtagge
cgtccatcag
ccgegatege
getgeacege

ccttgtooat
ttaagaggtt
gggattcacc
geagtcgtge
geggacgsty
gacgegeges
cgegaccagg
gtegacggag
gtegtegcct
gtcatocgget
cagtggacce
googaggteg
atpcaggateg
tcecgeacet
gectacgece
gaacggeteg
aagtgaggac
cacgecgeag
ttgaccgteg
cetgggagea
ccteccggee
gggagtecag
cggegaacte
Ccaggegece
ggegstegce
ctgcoccace
ctgggtgttg
cacctcgtec
gagetgcctc
gtggtagece
CZEECCECCE
ccactcoteg
ctgcagggag
caggtecgee
gtccaccage
ggccagetcg
CCgcagegea
gtagetgaag
cagegteteg
gtocgegaca
gctggcoete
gtggogcage

cgotgetegt
atggoggage
ggeageecge
tgegcococogct
gaccagtegt
tgatctgeat
aagtcccoga
cogaggtooe
geetgeecge
actcootott
tgggcaagaa
gegacctgeg
gcagcacgga
teatcetgeg
ggaccccace
gogtgctgcs
gcaagagece
gacacacctg
tcaaggacta
ttccgaageg
gtgaacgece
tegtoggceg
acgtactect
gotegegcog
aggacgttat
geegteagea
agggectegg
agcgeggtga
cagcagtegt
apgcaggttga
acctcgegea
atggaggaga
cgggacatce
atcgecgoce
tegeccatoa
tegocgegee
tagtggtegce
tcgecotacgt
geettgttet
tccttegeat
agegeettge
tgetectgea

gtgaggcatg
ctttecgacge
aggcatagag
cgaagtettc
cceggtgtee
cgggcteaac
EGACCCCAcE
ggtgcccteg
accactcgte
caacgacctc
cggggacaac
cgacgggete
cgagatggte
tecoggegac
geagotoote
caacccegtp
CCECECCCET
gtcaccgtee
caccgagaac
aggcggegsc
ggggtteote
gatctgogge
CCacgagcge
gggattaggce
Cagggaagee
gotecgeott
ctogeteata
tetgeegote
tegagegstc
ageggatcea
gegetttgta
actccggege
geeegttece
gcaccaggac
ggcccggoag
cegtgatgeg
cctgcageat
cgtgcaggga
cctegetgge
cgacctggta
gcagatcctg
gggaattgat
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ctectattgs
gacacgagge
gtggccegge
tgggoccgace
gegatagage
tacctcaage
ctgttegece
Eacgaggccy
gacgecacge
acctccegge
tecggeecge
cgggtacaga
tacaccgtge
ctgctggega
cagecgggag
gtgtccaacg
ccgoggaace
tgogtegocg
cagaagegee
getcegegee
gecacggtcag
cggageeggt
attacggtgc
gtagggstes
ggageeggee
getcaggece
BCECgAgCeE
getgatcceg
BacgCgeCcEc
cggeeeggty
gtactcccag
cagcactccg
gtccgaccac
gtgggegtee
caggtcggeg
gatcgcapgty
ccagtgcage
ctggatgtag
atccacggea
accoctogatg
cgteccactte
ctcctecagg

aacataaaac
agaagceggat
tetcggacga
ccaccggeea
tggtaccgoe
atgtgeccpa
getgpacacg
gectegactg
Cggaggagge
ggectcagaa
tcgggccgat
cccgggteaa
gtgacacget
cgggcaccee
acgtcgtega
acgceogget
cgggtgctog
ggteetgege
cggactgage
gecttgcteoa
getgagactt
acCcgEegsce
gggacacgaa
ctgatggtet
acgtagtege
tgcaggtece
Cgaacccggc
aggetgtegg
tgcacccget
tegegottce
gtgtteccee
GCCCEEECEa
gegtegatet
aggtcgeegt
teegggectt
cgacgecact
gagttgagca
gecategeot
tegogttcge
gtettggacg
gteggeoacet
acccggeget




cgtegetept
ttectteaac
cgacgagoag
acgagtacgt
cgegaceacg
gactgeccte
ggatcacgte
gecogocaag
cgaggegtea
cgatgtgeag
cctggecgga
ccaggactcee
acgagagege
cacggeggac
geecaggtea
teggaactgeg
tcgacgaggt
agetggagst
cgeecteace
gagcgaggea
getecatgte
getgatcaac
cgacgacgac
cggctocteg
ggtogogteo
gttcgtacga
gocgagateg
gectegtegt
aagtggacge
cggcgettec
tggccgaaca
agtgggaage
accecgagec
ggggcegecg
cgegtattgg
gotttgagesg
tacctggoca
tecggegeea
CGRECCEEET
ggtotgotge
ceattgegct
caccecggtea
ggcaccgeca
atcaacgcca
aaggocaagg
aaccctatce
tacgggatcet
acggecgagt
cacccggacg
cgctggacat
gtotgecact
cacatcaccg
atcgecgcca
tacgaccteg
accttccacg
geaccgagee
accggeatgt
goectggcog
cagaccagcea
geogtoacca
cagttccaag
gBagccecgg
cgcacagatc
agstcgcegt

gaggteaggce
getgeggett
ggccaccgec
ctgcaggact
taacggaccg
agctacaaca
cgeegtetet
ttgctgageg
ECCaagCoge
getggecaga
geteogtgeg
gtgcgaccaa
acgggageac
caggtagaca
gaggctettt
gecacaaggte
EEACCECCCE
caggegotgt
gegeggaact
tgcaaactcg
cgtcacggeg
ggegoecgace
cgeaccegec
cgectogteg
aaaagetget
aaggacccac
atgcogtott
tggtotgage
tgtegcacgag
ctatatgege
ggoccggteat
cgatgaggtc
cctcategtg
tcagtactce
cgggacaatg
cgaagttcea
gegaggocge
gtecggccac
ggatccgagc
ccgegettga
ggaccacgct
gegogecgac
agaccacgga
CCECCECEEa
agtggotegg
gtetggactg
acgacatcgc
tczcegtega
ceggecgact
ggaagaagca
tcccaceegg
cgaactggcg
cgaccacteg
gecaccacagt
gegactggaa
gacaacggat
cacgeteecge
aggoggeatt
gectegacca
gcacactget
acggecaccg
cccgeacect
aactctgaca
ctacctggte

gtctgataca
catcaccgtc
ctgecgacce
ggatggagtg
gcgaacccga
tcgagaacag
gegageggeg
acgeggegtt

gcataagtga
cgtecacgat
acgetggtea
acaggcageg
gctgageace
ctggccgage
cgecgettee
ccggacgtee
cgggatcacg ccgecgegea
gatcecctca gectecggta
gggccetteg ageggagtst
aagactcttc gtctcaccteg
gogagaacet ctgacctgga
ttacatagge taggactcga
ttgetgtteg ccgaggecte

atgatacctg actcctatca
gaacatgaac tcgeccaget
ctgatcaaca caccaggtca
CEEBBCABCC aagcaggegyg
getgagetec gogaccgget
ttgeccggag coggeggoge
ggegetgteg togacgecag
gcacgtegeg gatcccgaga
tgatgcetac cacggettgc
cgtegacggg caggcaceeg
BCCCCCECac CEEagacceg
gtectcacaca tctetcacaa
cattcgetgt cgecacggac
ttetagtgat caagtcaaat
atatctcaca tatttattsc

gagatccate
cgggtatoca
tcatcggetg
acaccgeatc
acctggecga

ggatgaccgg gegggtegte
aggacgccee cotgeggate
gettggegag ctggegactt
gaaactgatg tcgtaggicg
catcaagtge gacctgggee

gagtgctcga
ccgeegaceg
gecgeaagtt
gecteggest
getteggeaa

agggcgeecg cggetegegt
geatzctgcg gtggtteate
cegegtgecce getgttoecee
gegacgacge gttgegeaac
gtaaaaggcg acgagcgaaa
gctegtgtag tcacgagtgt
cgectagtac tgcaacggte
atgggteeee accttgetga
aggttcgtee accggtttic
ggactgaccg ctoogeotgga
gtegeteege accgtattca
ctggccgatg tgegegacta
gacgacaccg gottoctgaa
gggaccgeag gggcctetat
agatgtgact gecgegeacgg
tcagtteett ccccateteg
cgogettgee cacggeggea
catcgeacge gggategecg
tecgggagece gegocgeaage
agctetgate gagecgcaca
ctegetgege toectggoct
cgteggacee ctgctacatg
aggggccagt catcccgace
cttectegaa gacaaccage
caaccgegac CEacccggac
ccacacgttc accaccagtg
tcgecaacace ggctegatca
atccatccge cgetggtest
gctcatcace gecgactgeg
totogoegee ttegecotgg
aacatcgaag tggaacaaga
cggcaggeee ctgaccaget
caccgggete ageatcggeg
cccaccegee gagttccaag
ctacaccctg geaccacteg
cgaccccgcc ctgaccacga
cttcgaccac ctggtcgeca
ccaacgacge ttccaccgee
ctaccaccge ctgetpgaceg
ggeccagete ctgaacgteg
ccteotggac ctgeaccgea
cgeccaacta caagecegee
gttattcaga cacaggccce
taggcagats cccggggeca
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CCECECgage
gaggacgtco
tctgagegea
ggtctggecg
gtttcgtact
cacccatcga
tttgcegtga
tgtcggeste
Gagggceeag
geggaagaac
tcgactgetg
cgtcatggag
gaaggggacc
ttcaattact
ccgeteggee
atgageggeg
tcacgctget
agectgteceg
cggtcacggt
cccggggega
cggegeotgac
ccctggeata
gegatgctca
cggtgatecag
geacctggeg
accagecagt
acgtcgggac
agcagcacgg
gtggttccaa
aaageggact
tcgaacaceg
accaggtcet
ccgaactega
ccctgecaat
cacccecgget
tgoctecaccga
tctecggaace
cacgcagceta
ccetgttacg
gccgeaccaa
tegeggteac
taccgccaca
cgggegeatc
cgoggegete

geatggtgce
geggecagtt
agaacgeegt
ccgegeegea
gaacagccaa
ggegatccat
cgetigggoa
tgggecagtyg
cogegggagt
gectggacac
aaccggatcg
aacctcgece
cgttogecag
gctcggtraa
ctcagttete
ccgtoggate
ggccaccect
gcacactctg
CacCgaccce
teecggteteg
cactcaggge
cagectgeag
gttcacgeac
cgtecgacace
accgggcaag
agccatccee
cgaccacgac
acgcggegac
CEaCCCCCEC
cgagatcacg
gatgttetgc
catcgagacc
caccggecga
€acaccceac
geecgageeg
cccggccctg
gtactgggac
cctecacceg
GCEccgoaga
cctgtccaac
tccgotatet
cgacgacacc
gagaactcce
gaccgggaac




tgtacgtace
aggacatcgt
acgccggaca
tgcgatetee
aagtcaccac
gegoctggea
cogtegtega
gCCecacceg
cootggtcag
geetggeceg
ccectegecat
cgacccccga
tegtegtcca
gtcatcaage
gatcacgate
ggcgteactt
cttacggtcg
gegegatece
gatggectig
gegeeggteg
cgtccacgea
tgcgetacaa
cogetegata
gacgecgace
geggotgagat
gegtgagtst
teggcgagtt
acgtgeccet
ctgcccgeot
ggcgeggact
aacgecttee
getgageett
agaccggteg
tgctcagtge
cagtcaatce
tgccgeecca
cgatgaatac
togggatcte
tgagctgega
ccggtgtett
gagaageggt
tgtegtacge
cactggtote
tggceggcee
goggectete
gegeteagge
accecgatcta
teaccacgcc
gogtggacee
acccgattga
ccetgtepgt
ccggeetget
tcgccacgge
tcacatcgtg
geggtaccaa
ctceoggagg
cggtggeogee
gtotgcgtec
gtectgttpt
gttecgtega
tettcceege
aggttttege
ccctggagga
tccagectgt

ccgttcetgg
cttegecace
ccacgtggec
gctggagpta
caaggcagsc
gaageteteg
cctggeogag
tgaactggcc
gettgecgea
cctggacgag
getegeecac
cgacctcatt
geegetgtee
ccgatcacge
tacagctega
tcgtatcgaa
gagcatatta
gtcgaggeeg
agcggagtge

acctgtgace agggecgetg cagggeggeg

aagecggage
tgggtogety
cgeggcctog
aagttccgag
gcageceeeg
CCCEECCCOE
tactaccgat
tcacggtgge
caccagetce
getttecteg
cegotgacet
aacgtcgece
accagtcact
gtattaggtc
ccagcaaaat
cgaccaggtc
cgagggtetg
cgtgtecgte

tggeccegeac
gegacgaggt
getatgtect
ccgacacget
gagccaagsg
gecaccggea
gecactecac
gegteeagga
geegotacce
cegtogtecg
geaacgagat
accgootege
accggogaca
¢ccgaacaac
ttggaggeaa
aatgaattge
tatgatgtcg
acagatcagg

accggegeag gaccggegte ggoteceece

cgogegtgac
ccotggtety
gtoceggcegg
ggccageggt
cegtatcgac
cgtggcateg
ggacpgggtc
getgetggee
cccegeggte
CEacgagecc
gttgeteoce
gaaaaaggesg
gaacgggtat
ggctgatgat
tcaggagttc
goggtegeac
acgetgggec
ctecegcgaa
geceotggag
cgteggcece
gacccatcac
ccteggecta
cgtecatetg
gatgaatctc
ccecgatgegc
cgecegtgte
ctgegteate
gaactcccag
gecceaggte
agCcCgagece
gggatogsce
caaggtcgte
caatccgegg
geegtetgoe
GECCCacgee
cacgecgacg
getgcegeet
getegatgte
cgttgeccgac
tgecgggste
tcagggtteg
cgageatatg
tgtcctgegt
gotgtgggce

cagtegagtt
ctgccategt
gacgetcace
actgcatcaa
acaccacgtc
atctoctgcg
ggegcgagec
gtagoogtgt
gttgcegeca
gecttogtea
agacctotot
gggtattcaa
agctgaatga
gcaatageca
tgggaactce
gecgaactcee
gggtteateg
geggtegoca
gacgcgegaa
atctggeacg
accgtgaccg
caggggecga
gectgcgaga
aaccttgtee
cgetgettea
gtegtectea
cgtggcageg
gCgcagecag
cagtacgtgg
cteggegege
aagaccaaca
ctgtcecatea
attccactgg
ggteggcega
gtegtegaac
gatcagggeg
caggeggcgc
geotggteec
gatggtegtt
gttgagggee
cagtggpteg
gecgectgeg
caggtggacg
gtcatggtet

CECCEECCEC
tccagecgce
gecgacacete
ctegateteo
cgtggacgtg
cgeteagtga
tecgtagett
cctgecegee
CCaggccgca
ccgaactegt
gggaagatca
aaataggotg
ctgaatcgaa
tcatcggeat
tgaggaatgg
tcttegatge
acggogtega
teggatcogca
tegtecegga
actacgcate
gtacgcaccg
geatggeggt
geoctgegoag
cggagageac
ccttegacac
aaccgetgge
ccgtcaacaa
ctgtgctece
aactgcacgg
teatcggtec
teggecatot
gecaccggga
actccctgaa
tgotegeogy
aatctcecogt
geceggtgcce
gattgttate
tgzccacgac
acggccagag
ttgecgatgt
gtatggeegt
ccagggecct
gtacgtestc
cgctegcegg
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gatgatcgaa
ctacggcgge
cgeggtggee
ggeggegaag
caaccgctte
gotgotgate
ctcaccggte
gacattccag
ctectgggee
cgecgacgaa
ccagcacctg
ctgeteccgag
agecgeaact
aaccggggac
cgatattcga
teocogecat
ttgacatcgg
tggtpgtetae
tttcgcgese
gttgagttcg
geaccgetge
ttegaggece
ctgecggetea
gCCCacggec
CCECECEagE
tettgeccgt
gegegesteg
cgecactgag
cctgaggeca
ataggggcce
agtcegetge
tgaattcacg
gtettgeceg
tzagagceeg
ggaacggtce
ccagttcgac
geaacggete
gegeottege
attgatgage
cagcatcatt
ggacteegeg
gggggagtce
catcggecatg
ccgecgoeaac
ggacgegatc
cgacggttee
cgaggectac
taccgggace
CgeCeegcce
£gaggecgce
getecoggee
cctgegegte
tgtgagcgce
ageagegeeg
gtegttette
geatctggag
tegttecgte
tetcgcegeg
gagtggcaag
tgagctgete
ggaaccgttt
actggatcgt
actgtggcag

gescteggeg
cggttectgse
aacccgaags
tgeteggeeg
gtaccgaage
tacgactggs
CECCECcaace
ccgetegoca
accgagaageg
cectggegca
€acacccgos
ttoctegege
tggagacgac
cagacatgaa
agtcctaatg
ctegeatage
geattctcag
cegeagtggt
tgecggtoct
acatgagagc
gecgageggga
tctcgeagat
agggetacce
tteccgacga
gtecggteaa
Cgegcecggaa
caactcgacg
ctgtecegeg
cagotgacce
cegggtcace
gtaaagegee
aaaaatcttg
tccgaagegg
ctgecgegag
attaccgagg
4CECCCEgEa
cocggettet
gtactggage
cacaccgcta
gogegaggce
£CCAACCLEE
cagtcgtegt
acgetegege
gogaagticg
ggctacgtge
gcggaccagg
ggtgagaace
CECCECLECCE
cctgteggeg
ccgggtgace
geeggeateg
agtctcaact
ggcgacgage
ttcggeatgg
cagattcegg
tcggetgest
getcggtegg
ttecetecate
ctggccgesg
acggtgttcg
gacggotegg
gtgggotggt
gtggatgtgs
goacatggeg




ttgagectge
gtegcgetgag
aggecccttge
ccctgatcac
tegtegtege
gtotocgeaa
tcocgtgaacg
tgctgtecac
accgcaacct
accaccgeta
ccctcgacgt
geocteeggeg
gecccgecet
agegeotactg
cggcaactgg
ggcecgegega
cgecggacag
ccgtogaget
tgttcaacca
aggtggaagg
tagstatege
tgacatccgg
tcatgtacga
tgtacgagge
ccatggacce
gcatcgaceo
aggagtacge
gtggectgac
cggteacegt
ctetecgtea
ccgggatatt
cgtteeceec
agcggetete
cgatcaacca
gggtgatecg
agecccacgs
cctacggaca
teggecacee
ggcacgeaac
cetecggcea
EBAggECEEC
agcCcecCEeEc
taccggcece
gcgagcaage
acatcggetg
cggeggacca
ccegggtept
agggcegegea
cccggatgec
tcgtocggca
tetegecget
cogtggtegs
tggaagacge
gacacggesg
ccteggagee
gegatcecga
gecacectgee
tgctgeacga
tcaccggeca
geeggacegt
tcatcgaggt
tcgaggteca
tceggotete
goocegggst

tgoggtgetg
tctggaagac
gggeeatgge
cecctgggge
aggagaccct
tegtogeate
getootggce
cgtcacegge
acgtcagacc
cttegtegag
cacagacace
tttccagete
ctatcccgac
ggtcggeage
gCEARCEECE
getgctgget
tgtecgatecg
ccggaaccgg
£CCCacgeceg
cgcgeacgac
atgcaggtac
gggogatgeg
ccoggaccat
cggtgacttc
gCagecagees
getgtogotg
ccocgogtete
gagegtgtte
Bgacaccecy
geggoagtgt
cotggagtte
cgpagetgac
CRACECCCER
ggacggtgee
tgaggceetg
caccggcace
gggcegteeg
ccaggeggca
catgceccag
ggtccggetg
ggtetegtee
ggaggtgtee
gggecagecg
ggogogecty
gteecetgece
tgggcagttc
cgagggegtg
gtgggecgee
cgactgcgeg
ggccgaggec
catggtgteg
ccactcgeag
cgogogeste
catgetgteg
caggattteg
cgegetgacy
ggtcgattac
cctggegecg
gtegctegac
geagttcgce
gagctcgeat
ggcegetgte
gettgeogeg
gagocgaace

ggccactcce
B8agcccgeg
gegatgetet
aggcagatca
gacgegeteg
ccggtegact
gacctggecag
gcatggeteg
gtggagticg
atcageecge
geegeegteg
geecttgocg
gcocgecaca
tecteggtee
getecggott
ctggtgcate
aaactgacct
ctgagctceg
gaccggotcg
gcggegeega
CCoggaggag
atctcegget
cggegecceg
gacgoogett
ctgotgoteg
cacggtacge
Eacgageggecy
tcogggeesc
tgetegtegt
teecoctggcge
agcaggcaga
ggcacggect
cgcaacggac
tcgaacggce
acggacgeag
accttgggtg
ECEEACCELC
gecggagteg
accctgoatg
ctgaccgagg
ttogggatca
geggtcaceg
gteccotese
cggtegtace
tegacceggt
cgtgaggoge
gecgacateg
atggecgggg
cggeoctiteg
ECCCGECCEC
ctggecgace
ggtgagateg
gtgtogotee
gtgaccgoge
ctcgcaacca
gaattccgeg
gecteteact
atcegeccce
accgectega
geggegacee
coggtgctep
geegggteac
ctcgteacce
gacctcceca

aaggtgagat
tggtggctet
cgatagccge
ccattgeeac
aggcactceg
acgecteaca
tgatccagee
acaccacegt
aagcageceac
accccgtact
CCAaGGEEaac
aactcgteac
cggacctoce
gggacgogec
cgggeeggec
cccacgtgec
tcaagcaget
ccaccggate
cccgocatet
cgggtgocge
togegtogee
teececacgga
geaccagceag
totteggeat
agacttoctg
ggeccegest
cggacggeta
tggectacag
cgetggtesc
tggoaggegs
goggactgee
gggccgaage
atceggtget
tgacggcace
gectgtotee
acccgatcga
cgetgegact
geggagteat
tcgacgegee
cagtgcegtg
gecggoaccaa
ggccatcace
tgctetogse
tggcegaceg
cggegttega
tgggcecesc
acggcaagac
aactcctgga
coccgttogt
tggaccgget
tatggcgtec
cggeogectg
EgagccggEC
cccgggaaca
tcaacggaac
cgtggtiegg
cggeecaggt
gtacgtgecg
tggacgccga
gecaccttgec
teggcgegat
tecggegtaa
gegggotgge
cetaccettt
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cectgcgect
tcgecagecge
CCCCECCAcs
ggtcaacgga
cggcgaactg
caccectoac
acgtgecgeg
gatggacgce
ccgeactete
caccaccgeg
cctgogacec
cegtegecte
cacctatece
geegeetecg
cgeegtogat
cgtggtgcte
cggcttegac
gtctotgeeg
gtcegocgag
CEaCgagecy
ggaggacttg
cegtggetes
tacccgegag
CagCCCECEC
ggaggccety
tttogtegss
tgagegctte
cctggeetty
cgtgcacatg
ggtcaccgtc
ACCEEACESC
cgteggcets
gecgetegta
gaacgggcte
cgeegacgte
EgCgcaggce
ggectegetg
caagacggte
gteaccgeat
geeegagtee
cgetcacgtt
tatggegeeg
caagteaccg
BCCCEECECe
geaccgtacg
cgcggogest
cgtettegte
ctectecgag
cgectgeteg
cgacgtcgte
tcatggegtt
cgtegecgst
catcgccgaa
getcgaggag
cgaatccgtc
gaaccgacag
cgaggctgte
taccccgotg
gtactggtac
cgacggeeeeg
acgggaaace
cgacggagge
ccccgactgg
ccagegeoage
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tgegtegesg
gecategeeg
gaagtcacgg
ccgeattogg
gagacccgte
gtcgaggega
agcattcccg
gagtactegt
ctegaccagg
atccaggaaa
aacgaaggca
accccgeact
ttccaacgeg
caaccggacc
ggcggcgacg
ggtgagacga
tcggteatgt
ageacagtgc
gcgtecagee
atcgogateg
tggegecteg
gacctcgagg
ggeggpttec
gaggogtegg
gaacgggegs
gecatggeec
ctgctgaccg
gaggegacceg
goecgooccage
atgtceggee
cgetigeaagg
ctggtgctee
cgggegteee
gegeaggage
gacctggteg
ctgatcgcga
aagtccaaca
atggeggtee
gtegactget
£accaccece
gtogttgage
gacgaggccg
gaageggtec
ggtetegeog
gtegtegtee
tcggcggate
ttceccggee
gtgttegeeg
ttgcaggatg
cagecggtec
gagecctegg
gggotgacge
gtactogeoeg
tggctgoteoe
gtggtegeeg
atcegtagee
caccagegac
ctgtectegg
cagaacctgc
caccgeatot
ctcgaagecg
ctgeggogtt
tcoatgetet
cgttactgga

10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
10860

11100
11160

14040




tcaccgeott
gggaggegat
acgegteget
ggtecacceot
tccegttgac
cctacgtote
gagocgacga
cgegogagat
atceggtoct
aggacgtocg
accggetege
aacacccgeg
tgaaceggct
aggacggcga
cgegacggct
gcaccgtgct
cccgtaacgg
ccgeogaget
acgtagegga
tgaccgeegt
cggaggaact
tecteggega
gcagegecgs
ageggtecte
geatggegge
acceggaget
ccgttgeega
cgctgategg
ccgtegatea
ggzagoggst
cggecgacat
cggtggagtt
ccttcgacca
ccogoggtga
ccatcgtage
gectggtege
tceaaagect
gettectega
cocctggecat
gegegeteat
€acacccegg
tetteggegs
geccggcgat
gocagteect
cacggecgac
geaagtectt
ttctegaace
gocagegecat
agcaacgegt
cogtegagse
tcgecgecta
ccaacatcgg
ccatccggea
actggtccge
aaccceggeg
tcgageagge
gegagagoegs
ggagtgacac
aggegggeag
accgggoecgt
cCgaggaceg
cattcctgtt
cgtecctegt
accggeccct

ctegeggtor cggagegoog gtgaactcaa cgetgeggac tcacgettet
cgacagogag gaccccggge ggotggeega getgoteage ctegacgacg

cgaaccggte ttectggeac tgtectogtg geggogacgg

ggacgactgg
ggcgecaace
ccaggtgete
cecegogecac
caccggegte
teecatggec
ggctecgtteg
cagecetgee
geactgggge
ggtgacepte
2aacCCELLec
gtogcacgeg
ggtcaccgga
cgccgaacac
Bgcggecgaa
ccgggacgee
gattcatecc
ggcogagete
coggcagtts
§CAgECEECT
tatgggccag

cgttatcgge tgacctggca
ctoggagega cotggotget
cgoggectge gogacegesg
geccegetocg ccgagegget
ctgtegetge tegegttega
ctggcgctea acacggegct
tgstgcgcca cgeggeecge
caggcgatgg tetgeeeect
gegctggteg atetgeccga
atctcgggce aacgagtcca
gatgaggacc ageottgeggt
ccegtgtege goagecgeaa
ggcaccggty gogogggcac
ctgoctgctga ccagecgteg
ctcacggaag ccggegtoag
ctggeccege tgetegoegg
geeggtgteg tecaccaccge
ctggogegca aggtegooge
gacgectteg tactgttcte
tacgcogegg ccaacgecta
accgegacct cagtggectg

cgaggaaggg ttcaaggage
geccgteace gegotegtee
cgtegattgg gecacgctteg

ggetgegeeg
aggecgtcga
tgcccggott

cgacctgeet
geegcgggteg
cctgeteaac
ggtegatgee
ccgeggeocgs
CCCCaceCeg
caccgccatg
gatgtectec
cgaggeccee
gtatgaccce
cgacgcggeg
ggacccgeag
cgacccaaca
ctacggcgag
cteggecgee
gacggtggac
gegeacegge
cgettteace
ctececgacgee
geteteocgac
caaccaggac
catccagcag
ccacggcace
cggacaggac
ccacgegeag
cggocteote
cggctegpty
geceggtete
gccegcgece
cgocgaacag
cgegetgceg
catctgegac
getcgtgece
gaCCECCCCe
ctccgeccag
gttcgeegag
cctgeggste

acgegetgeg
cgegecteec
ccgaggtggc

gaggtgcges
gcgctegeca
ctggtgcgca
cgtcgeeccet tcoegtgaact
ttgaacgceg cgaccggget
gecgageteg ceggecatet
cocegtgtege tgaccaccge
cgstaccceg gegetetace
gacgcgatca cggacttece
gacccgggee ggteeggeac
gecttogatc cggogttett
cagcggctge tooctegaaat
acgetgaagg gcageccagge
ggcatccacc acgagtegea
gtggocgoag gecggateoge
accatgtget cgtecteget
gagtcctcga tggegotege
gagttcagee ggcatoggee
geegacggea ceggetggec
gcocegtegaa acggecacce
ggogecagea acgeccttac
gecetggega acgegteoct
ggtaccacce tgggegacee
cgeocgacgg accggeeget
tecgeageeg cagteggegs
ccgegeacge tgecacgegga
gaactgectca ccgaggegat
tegzcgtteg geggcagess
gacgagccgg ageacaccga
gocaggeoge tgocgatget
geacaggece ggegectegeg
atcgggtzgg cgetggegac
gcggaacgeg aaggattcct
getetgetos ggeggacegc
gectcacaaa pgactcegecat
gogotggaceg aggtgtgcsc
ctegttogcee cggaggette
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caccgggtge
ggggeegeeg
cacgaggacg
atcaccctac
ctggeoggag
cacccggaac
cteggtegeaca
ggccgateeg
goggeoctgg
gagcggstec
ECCCCEEECT
ggagtgtice
aCECCCCEEE
cgetegoteg
geceogageege
googeetgog
gagcteccge
agcaccggtc
ctggacgetc
ggegtatage
ctggeccage
EECEARECCE
atcgaaatgg
gegtegatag
cggcccagtc
2gCCEECecy
gtgctcgaac
getcacacca
togetgateg
acctcgegteg
ttegecggat
gaaccgatcg
gacctgtege
gectgggata
cggeggeece
ccggatctee cecegogagg
gacgtgggag accctegaac
cgggetgttc atcggcaceg
gegegtogag ggocageage
ctacacgttc ggectggaag
ggtggcactc catctggect
cgecgeeetc acggtaatge
actgtecccce gacggacggt
cgagggogoe ggtetecteo
cgtgetgece gteatecgee
cgecacccaac ggcccctoco
gtogeeggee gacgtegecg
gatcgaggce caggccctga
acggotgege tegotgaagt
cgtgatcaag atggtccage
geagecctce cgecacgtgg
geegtggeeg gacaacgace
caccaacgcc cacatgatca
¢ggracgagc aggaccageg
geootgggtyg ctgtecgege
cgectacgeg geegeogeeg
cacccgagee acgetggacg
caccgetete gacgogeteg
tggaacagga gtgcegtons
ggggegegag ctgtacgaca
ccagctegac gggeacctgg
cgacgacgeg tcgatgeteg

gecgetgece
ggeocgtecce
cgegaccgtg
CCEEEAgEce
CgageEecey
ggteceeaca
ggtgteggte
cggeotggty
aaccgtggac
cggacaggga
gegggegtce
cegggagteg
ccaggtggct
teacagggac
ggtcacggtc
cgtaccggac
ccogetggac
cgecgeccat
ctccaacgee
cctggacgee
gegtgecteg
gcggggcate
gtecggagag
cacctcgaac
ggaggecgac
cgpgctgtee
cteggtacte
cgegttcgac
geggctgeet
gegggagtig
Cggggacgac
cactccggag
CacCcgacces
ctcctacace
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14700
14760

14880
14940
15000
15060
15120
15180
15240
15300
15360
15420
15480
15540
15600
15660
15720
15780
15840
15900
15960
16020
16080
16140
16200
16260
16320
16380
16440
16500
16560
16620
16680
16740
16800
16860
16920
16980
17040
17100
17160
17220
17280
17340
17400
17460
17520
17580
17640
17700
17760
17820
17880




accagaccgc
tetggtectg
ccgeecatgt
gteggetgat
aggaagtacg
geocogeoto
ggcgegeeca
gtatggaacc
cggccattec
cggeggacta
cgctggagec
cgatggtccg
gtgaccgtac
teccggtgga
cgtaccegtt
gecacggeegg
gcgaggacgg
accacaggat
ageccggeea
tactgccega
geegeegeac
tcctcaacge
cctggeecee
cacgeggeta
acgagatctt
gactccacce
cggecggeea
gtgccgaage
tegocgatge
cgtcegacet
ggataccege
gegegptact
cotgotootg
tgoecgagge
cggacgeegt
aggaccggtt
cggacgaagg
aggccgagea
ccgtectgag
tgaaggtgcce
acgtttggeg
tegtegeceg
geggocctga
atgtcaccgt
cegttoccge
ccactgteac
ccgegcteaa
cctecgeege
tcctegacge
geggactgtg
gegtegcceg
ccgcteageg
atzcccggee
gccgatcoge
toteggestt
tcgegageet
acaccggott
gettgcgect
acctctacga
ccgogtacga
agtceocgga
ccgecgaceg
ccagctacac
tegggatete

cttcacccag
gegcctgegy
ctogggegty
goaggestig
gotgtecetg
gaccgtgate
gggecgeaag
catgttgcac
cgteggteteg
cteggetacge
cgaaggegtc
cgactgeetg
cgatgtgtct
ctgggegtes
ccagcgggaa
actggcgtee
cctectette
caccggtteg
ccaggeegge
agagggeage
catcgaggty
gagcgggatg
ggaaggeget
cggotacggc
cgecgaageg
cgeectacte
cggagteegs
ggtacggetg
catcgetege
gctgegeeeg
cctegtogee
gggccccgat
ctatccggac
cgtactcgcg
acgggecteg
ggagcgaage
cgteaccgac
ccotggcage
CEZCEECEECE
ccgeetegge
tgtteacget
tcatctggte
tecgecggst
tgecgectee
cacgcaccct
caccctcact
cetccatcag
cgggotette
actggccecaa
gecggaagce
tteocggecte
ggtegacgaa
cgragacgge
gacctceccg
getogagege
getggggcac
cgactcattg
geeggeeacg
cgagetteteg
cgageegate
ggacotgteg
gggctggaac
ccgteccgga
accgegtgag

geogopttet
ccogatttee
ctgteecteg
ccctoeggeg
gegggactgg
tetgegcgace
acgegtegee
cggttecacg
aatgtgaccg
catgtcogec
agogeoattee
£acasccageo
gecgegttga
ctettegceg
cacttetgge
ccogatcate
acCEEgcaacc
gteotgctec
tgegeecees
gtcagggtce
tactoctogsg
cttgccggeg
gtcccegtte
ccgacattcc
gegetecoct
gacgctgeec
cttecgttes
cgectegege
ccggttgect
gegtecgtet
ccggaggegg
cegetegges
ctggeggege
ccgtacgegg
acCcggccges
cggctgateg
ctggtgagty
ttcteecteg
gtatccgatg
tecgtegacg
accgtgttga
geegggcatg
geggtggage
gacgeggceeg
ctgactggteg
cccgagegea
cteacggcec
EECEECECEE
Gaccgecgeg
agcgggatga
accgegatge
gecaccetgg
acgotgeegg
ECBEcCCagg
gagegtegag
gcggaccega
accgetgteg
ctggtcttcg
ggtteccgeg
gegategteg
cagctggteg
gtecgagagee
gecttectee
geactggeca

tecgeggtoga
tecatcggsca
CCEacgeoge
gegegatggt
aggacgttat
aggaggecgt
tcaaggtgag
cecgtgeteaa
gecgteccge
atacggtgce
tggagttgee
geceggtegt
cggcactgge
getegaccge
tggattecgt
cgctgttgee
tetcggtace
CCgEcacgec
tcgaggacet
agatgaaget
accagcaggc
aaccggtgga
cgetggacgs
gegggctgag
cgggccateg
tgcacgecat
cctggaacge
Cgacggecec
cagocogcte
cgtacgggsa
agtccggacee
CEECCAacEC
tgatcgeggco
cggagecage
cgotgeaact
tgoetecacecg
cgtegetocg
tcgacatcga
agccacaact
ttcecacgac
tcactggegs
gegteegteg
tggtegeega
accgggatge
tcgtgeatac
tcgacgeggt
atctcggett
geccagggtaa
ccaacggeot
ccgggeacct
ccaccgggga
tcacggccge
cgetgtteca
ccgeggagee
cggegetget
gcageattga
agctgcgcaa
actacccgac
aggacgeogt
ggatggeetg
CCEacegecCE
tctaccacce
acgacgegge
ccgaccecca
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getggcgcte
ttecetggge
gacactggte
ggecttgeaa
cggegtegec
ceteeegaty
ccacgecttc
aacgctttee
cgagcggace
cttccatzac
gecccgacgge
Cacggcaccg
cgaagegcac
ceggecgate
cacgggeage
agccgtgace
gacgcaccea
gttectggaa
gacgetgetg
ggggegagece
ccecggecsg
ggeeecgeeg
cttecacgac
cgeegegtag
geaggatgee
ggaactccgg
cttetececte
cgacgoetetg
gotggcectg
ctegetgttc
ggtacgaccg
cetgaacctc
cgtcgacgge
CCCZLACECE
getgeaatec
gggsecgety
gegtetgete
cgaccgggag
cgecctgege
cggtatgeet
gaccggtgte
tetgttgcte
getcaccget
getggeegeg
cgctggtete
cctacgecee
gacccgettt
ctacgeggcc
caatgeccag
ggacgegecce
cgegetgges
getggacace
cgecactegtg
ggatggactc
ggatttegete
ggagaccegg
tgtgetgcac
gectgeaget
getegecoeg
cegetatecg
tgacgecatce
cgaccecgac
ggacttcgac
geagcgactg

ttecgocteg
gaagtcgege
gtegeccecg
gegagtgage
geoctcaacg
geegegeact
cacteaccce
ttcgecgage
gaactgtgeg
gecateegeg
acactotegs
gttttgegac
gggcacgggg
gagotgeoga
agtgacatga
acggtggcce
tegotggecg
ctegecgtee
getocgctog
gacgccacgg
gaacgctgge
agtctcacca
cggctggees
tcacgcgete
gecegetatg
£8aCCCCECe
cacgegtegg
teggtgacce
cgggagetet
cgoaccgett
tcegecgget
acgggaacct
ggagecgegg
ggatcteceg
teectetecg
gocgtcggta
cgtteggege
gagtcctggs
tecggecaga
gagatgeceg
ctggstagsc
tgcagcagge
cteggtacge
ctcttggaca
atcgatgacg
aaggtegace
gtgetettet
gecaacgect
tecctggogt
gacctcgece
ctgctegaca
cgggecctge
ccegtaccge
cgecageggt
tgtggteatg
cccttcaagg
getacgaceg
ctcaccgate
atcaccaggg
gecgeesteg
tecgacttee
caccccggca
ccggagttct
ctgctggaga
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17940
18000
18060
18120
18180
18240
18300
18360
18420
18480
18540
18600
18660
18720
18780
18840
18900
18960
19020
19080
18140
19200
19260
19320
19380
19440
18500
19560
18620
19680
19740
19800
19860
19920
18980
20040
20100
20160
20220
20280
20340
20400
20460
20520
20580
20640
20700
20760
20820
20880
20940
21000
21060
21120
21180
21240
21300
21360
21420
21480
21540
21600
21660
21720




ceacgtggea
ceggegtott
agagegtcga
cgtacacgtt
tegtgecett
cggecegtet
gectgecage
gcgaaggegt
cggtgcteec
cggcgeccaa
tggcgesgec
cgatcgagge
tetggetege
gegteatcaa
accageccac
tgccotggce
gtaccaacge
cccaatecte
gectgotgte
acttgegage
ggteteteca
ccotggacge
tgagtegcaa
ttegagctgct
tggaaccgtt
cactggaacg
gactgtggca
tegetgegge
ttcgeagoca
CCCCCEerac
cggtcaacgg
geggeogaact
acacccctea
cacgtgocge
tgatggacec
ccegeactet
teaccatcgg
ccectecgacg
cccacggect
ccctgeccac
ccggggacgt
teccgctece
cctggttoge
aactggeget
aggcaccget
cggacgooca
gtactgcgga
cggagecgga
acttctacca
gggecgegte
agtcggacge
tgggactgat
tgacgctgea
acacggtega
tgstegteee
gegctgtaceg
catgggeegt
tgetggeegg
geeocgageag
CECCELAcec
ccgacgatcg
gcttcegega
cgcagtegga
ggoctetece

gecettegaa
cgtegeogts
gggoggtotg
cggtotggag
geatctggee
tacaateatg
tgatggeceg
cggtatgety
ggtogttteg
tggtectteg
ggatgtcgat
geaagegttg
ttegotgaag
aatgetgcag
gggccaggtc
ggacagtgac
ccacgtcatc
ccaatcccee
EECEaagace
caacccegat
CgCcegagegc
actggecgac
gacggtetic
ggacgecteg
tgtgeacteg
cgtcgaagteg
gecacatggc
ttgcgtages
agccatogec
cgacatcgca
accgcatteg
ggagaceegt
cgtogaggeg
gagcattece
cgagtactgg
cctcgaccag
tctacageag
caacgaaggc
gaccatcgac
ctacccette
ggetteggee
cgattcegge
cgaccacgceg
ccaggoeggt
getectgecg
ggacgacteg
cgegeeetgg
gggactgacc
getgetegst
gegccacggt
cgogotgttc
geocteggog
tgceetesee
ggtoctactg
gcegetecga
ggtcgactgg
cctgggeeee
ggtecegate
cgegtteccg
getgegegag
ttecgectes
cgacctggte
gaacccggac
gacggcgecy

cacgccgege
atgtacaacg
accaccaaca
EZACCEECCE
gogeaggogt
tccactcctg
tgcaaagect
ctggtegage
ggcagtgctg
Cagcaacggg
gecgtggage
atcgecacct
tccaacateg
gogatgeoage
gactgggota
CEECCCCECe
atcgaacaca
caggeceege
tcgeaggeoe
ctgegttegg
gecgtettca
ggcaccectg
gtcttececg
gaggtttteg
teectggage
gtccageceg
gttgagcotg
ggagecctea
gaaacccteg
cccctgateg
gtegtegteg
ggtetecgea
atccgtgaac
gtectgteea
taccgcaace
gaccaccget
accatcgagg
accctecgge
tggacccccg
caacacgaac
ggactcgget
gecttectat
gtacacggca
ggeegtoteg
gaaaacagcet
ggeggcagga
gtgcggcacg
gtgtgecege
gaccgtgget
gacgtggtet
cacctcocace
agegecgEage
gegteggeeos
geegatggeg
caggaggaac
ccegagttge
2acgeceecy
gacgcctatce
gocgtegteg
gtgacgtace
tegaccotte
gatctggege
cgeticgtee
ctgeteteeg

tegegcccgge
actacgccte
gcgcgeesag
tcacggtgga
tgcgeaacgg
ccacgtttgt
tcgeggacge
gtttgtogga
tcaaccagga
tgatccaaca
cgeacggeac
acggacaggec
gtcacaccca
acgggactct
cgggtgcagt
gagteectat
ccccacacac
agactgtgca
tggecgceca
ctgatgtegc
tcgeeggtsaa
cceccteacet
gtcaggegttc
ccgageatat
acgtcctace
tectatggsc
ctgeggtget
ptctggaaga
caggacacge
cecgetggaa
caggagacce
atcgtogeat
ggctectgge
cecgtecaccgg
tacgtcagac
acttcgtega
aaaccaccge
acctgttcac
ccttcaccea
getactgget
cggeggacca
tcaccggeca
cegtactget
gotgegeget
ccgtccaget
ccttcagegt
ccaccggagt
cgaccggage
atgactacgg
atgcegagge
cggecctget
agacccgget
ttegsetsag
caggteggee
tggeggtety
cggagetcco
ggatactegg
gggacctggc
tcgegeeget
aggtgotgga
tectgetgac
aggcgeegst
tectegacct
gggageegca
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gtcactgegt
gegtatecge
tgtggegte
taccgegtgt
tgagtgeact
cgagttcage
tgeccgacgege
GECECECCEe
CEEgEccage
gecgotggoe
gggaaccege
ccggtoggeg
gaccgoegeg
geegeecace
ggagotgote
cteoctogtte
cceacacace
ggeccatcag
ggcCoegese
goattoectg
cceggatgag
cgttcaggec
geagtggste
gegccgeotge
ccagacggac
geteatggtc
gggccactee
CZLagCCCec
cggaatgete
cgageggate
tgacgcgcte
cceggtegac
cgacctggca
cgeatggcte
cgtggagttc
gatcageccg
tccggcccgg
ttccetegee
caccgageece
ggaggacgga
tcegetgetg
gttgtegetg
gecgggeace
getggaggaa
ccaactegte
gtactcgege
ggtecggtee
getogegate
acctgegtte
cgcactgecc
cgacteggeg
geecgttegee
tettaggece
getegetteg
gecaggacges
cotegtggct
caccgatgge
ggagetgege
Ccgocacgegga
catgatccag
CCBCEECECE
atggggstts
cgacgggage
actggegttc

ggcagecgga
cacatcccag
ggeogggtct
tegtegtege
cteggctcteg
CEBcageeRss
accggoteeg
aacgggcatc
aatggtctga
aatgegeget
ctgggegace
gaccggecet
gacgtegecg
ctecacatcg
accgagecce
getgtcageg
acccgeacct
ccggtgeogt
ctgtcagecte
ctcaccacge
getottgoce
cttgcegate
getatggecg
BCCAEEECCe
gatacgtgac
tegetegoge
caaggtgaga
gttetegege
tcaatcgeeg
tccatcgeca
gaggcactce
tacgcctcac
gteatccage
gacaccaccg
gaagcagcca
caccecgtac
acccteteca
caggeccacg
cgcaccacce
getecgaagt
ggcgeegetg
cggagtcace
gogttegteg
ctcaccetgg
gtgaacgeoe
ccgcaggace
ggaggecgoege
ccggtegage
cgtggegtaa
gaggagceage
ctgcacggga
tegegegete
gCCggRCLcg
gcegacgeac
taccgegact
CCEECCEREC
teggecggst
gaccggacgg
accggteceg
tcatggctog
gtgtocaces
gtgagggees
gagocgetce
cgggaggeca

21780
21840
21900
21960
22020
22080
22140
22200
22260
22320
22380
22440
22600
22560
22620
22680
22740
22800
22860
22920
22980
23040
23100
23160
23220
23280
23340
23400
23460
23520
23580
23640
23700
23760
23820
23880
23940
24000
24060
24120
24180
24240
24300
24360
24420
24480
24640
24600
24660
24720
24780
24840
24900
24960
25020
25080
25140
25200
25260
25320
25380
25440
25500
25560




aggtgetgac
GCBEZCCEBa
tectogegee
dCgCEECCEE
gttogatggg

cgeeeggety
cccgtggega
gecgeagetg
cctgaactte
cagcgaaggc

gaccgggtet cgtecgacee gggaacgetg ctgccgeceg

ctcgacgtea
tcggegecec
cgcgatgtee
gocgeceteg

ccagccggeg cacgeicgac
tegecgageg acaggtocgg
tggtegetet gggeatgtac
tgctggaget cggecccgsc

tggcceogey cgaceggete
taaccgacca gegcatgete
cggtaccgat cgtettecte
ccggccagte gotgotgete
tggceeggea ceteggoget
tgogggagat gpgattggac
agaagttctc ggecgegace
gegagttegt ggacgegteg
gcaagaccga catccgtgac
gegecttega coctgetggac
tgctegeget cttegaggeg
ggcgtgcece ggageegoty
tcaccctgee gocegeeceg
cgetgggeoaa cetggtegee
tegtecageog coggegaceg
gectgeggec gacggtgace
gectgetege cgacateceg
tgetggacga ceggategty
ccaaggtgea cgeegeotpg
tegtactgtt ctoctoggee
cggecaacge cttectegac
getoectege cteggggattc
ccgacotgge acggatggea
coctgttcga ctocgeacsgs
tcaccgegee cggtecgeee
tgcgegecace ggoceggege
goecaacgget ggogeegetg
gotogeatee ggecacegtg
cgttcaagga goteggette
tggcgacegg cetecggeote
tggoggaaca getecggaag
tggaggaact ggaccgtete
agtcgggage cgeggoacee
cgegagegga cgotgcogac
tettegeect tatcgacgag
ccectaceoe cogeecggac
gtgcecaaaa cagagaccac
gaactccage agagecgeeg
gegategteg geacggeetg
cgettagteg cggaggegca
ctcgaagace tctacgacce
ggcttoctcg acggtgcege
gegetggeca tggacecgea
cgcgocggga tcgacccgac
agecaccagg actacgctge
atgaccggca ccgeggteag
gggecgecca tgacggtgga
gegcaggegt tgegeaatgg
gecacgecgg gegoctteac
tgcaaggeet tcagetcgga
ctzgtegage gtttgteppa
ggcagtgetpg tcaaccagga
cagcaacggg tgatccaaca
gocgtggage cgcacggeac
atcgogacgt atggacaggc
tccaacateg geccacaccca
gecatgggtc acgggacget
gactgggcgg caggegeggt
Cggocccgec gggecggaat

atgggcatgc togeggeceg
accaagcttc cggacggcty
accgcgtact acggactggt
catgcggega coggtggtet
gaggtetteg geacggepag
gaggagecaca tcgectogte
getegoegeg gtgtogacet
ctgcgeetgc tgeegogegg
geegaggege ttgecgecge
gocgegggec cggacegtat
geeeteatcg agecgetgee
cggecacctga gccaggeacg
gacccggacg gtacgttect
cgecatetge tgaccgageg
ECgECCCCCg gCgcgpages
ctgeceggcet gtgacgtgge
geggageate cgetgacgge
geatccetga ceccgegaacg
aacctgcacg agctgaccaa
geegegacge tcggcagege
gecttggcece aattecscca
tgggecgaga gegptgagat
cgttogggea tcgecgeoct
togegtetet gtecgtoagt
gecgegtegg gaacggtgce
gtgetggaaa caaccacggg
tecggcgegr accgegaceg
ctggegcaca geegtteegg
gattegetga cageegtega
cecgegacte tpgtgttcga
gagetgttcg cggacgagat
gaggeggegt tcgooetete
ctgagggcac tgotgaggeg
gecctegeeg tagagctoga
gaggtagege acgtgtgace
tagcagcatg gatgagatca
cgaggagaag ctottctect
cogggtggca gagotggags
ccggtacccg getggagtac
geacgegatc tccagottce
ggacceggac cggcccggca
ccagttcgac geggegttot
geagaggetg ctgetcgaga
atcgctecet ggcagecgga
cggacagcec ccgteggecg
cgtggtgtee gggceetes
cacggeetge tectogtoge
tgagtgeacy ctggcgatag
caggttcage cgggagegeg
cgocgacgec accggettea
cgeprgoccge aacgggeate
cggggecage aatggtctga
ggcgetggec aatgoggest
gggaaccegg ctggetgace
ccggteggeg gacoggoogt
ggcegocgog ggogtogceg
geeccgtacg ctgeatgtea
ggagetactg accgaagcca
ctectecttc ggaatcageg
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cttettcesg
gtcgttcace
cgacctggse
gegaatggeg
ccceggeaag
gegggacetg
ggtgetgaac
cggtegatte
geatcecgge
ccaggagatg
getgacgace
gcacatogge
gatcacgggt
tgecatacgg
getgecoace
CEACCECCag
tgtgetecac
getggacgeg
ggacagegec
aggecaggece
gecccaggec
gacoggtcac
gacggtcgag
getgeeggta
gecectgatg
cggtgecgte
cgoeectecaa
atcggtacce
gttgogeaac
CCACCCEace
coeggtegeg
cteegecgec
gatcggeace
aacagecacc
geteggtoac
cgatgactea
acctgaagaa
cggeggagsec
gttceccgga
CEACELacce
agtcctacge
tcgggatcte
cgacgtggga
cegepgtett
aggtctcega
cctatgectt
tegtegegtt
CCEEcEgcEt
gectgeccee
gegaggetat
ceggtectgse
cggegeecaa
tggegeggec
cgatcgagge
tetegotges
gegtcatcaa
accageccte
tgeectgece
gtaccaacge

aacctcegege
gtcgeggtec
ccgggtgage
gttgagegsc
ceggtegeeg
gagggcgcat
ggcctgegeg
getacgeage
taggaggcec
gacttcgaga
tegotagece
gtegagatee
gtcgtetace
ctggocgagt
tgggacatce
aagatggtct
gtgcceggag
aacctgetge
gapctggecg
geeetggeeg
gececcggte
gtctaccgee
ctggccgegt
aactatgcag
ctegeggeca
ctggeggect
cagggcctge
ceggctggaac
cgegeecteg
acaggectge
gagetggtgt
gcgcageggs
cggcteaacy
ccgetggega
ccgeaggttt
gacctccage
gtcactocgg
cacgacgaga
tecccectca
tgagaccget
ggecacetcee
ggageccatc
ggacctgtge
cgectgggat
ccgggacgge
gocacgtgag
ggtcttcgag
cgocggcatce
ggggcacctg
cggectggaa
geacctggee
caccgtcatg
ggacgegcece
gegtgtacts
ggtegtticg
tggtectteg
geatgtogat
geaggegtty
ttcgetgaag
gatgatccag
gececcaggteo
cgagggtgac
ccacgtcatc

26620
25680
25740
25800
25860
25920
25980
26040
26100
26160
26220
26280
26340
26400
26460
26520
26580
26640
26700
26760
26820
26880
26940
27000
21060
2120
2180
27240
21300
27360
27420
27480
27540
27600
27660
27720
27780
27840
27900
27960
28020
28080
28140
28200
28260
28320
28380
28440
28500
28560
28620
28680
28740
28800
28860
28920
28980
29040
29100
29160
29220
29280
29340
29400




atcgaacagg
cccggegtac
ccggttceot
ttgaagtcgt
gtcaccacce
ttcacgecty
acggtegteg
gecatgggge
tgcgcccagg
gacagegact
ctcgaagteg
gegeattegs
gegecteete
atggtgecge
Caggacceeg
gaggaggceg
ctcactgtca
gtggteateg
getegtette
caaacggtcc
ctggagateg
ggggcccacg
ctcaccgeaa
accageacca
actgccgaca
ggeoecacgg
ctgcteageg
tegoageget
gecaccgete
gacgaactca
gtegeceteg
tcggacacga
atgaccgate
ctcgacggee
ggcctgegeg
gecgaccaga
cacgegtoct
accggggtat
ggtccggaca
gactcactga
gacgcgetgt
cccetgtocg
tegceogegt
acggacggece
gcecgacaceg
tgectgggeg
gccaccageg
CEELCgECCe
accgtcaceg
gegcgecteg
tegegtatts
geeegtecate
cotgatgcec
accgttgceg
CCCECCAacEC
gtcaccacce
ctcaacctce
ECCECCELEC
gacgcactgg
goctgggtee
ECZcEcgacs
gtgecagggt
tocgatecca
gteggaccct

£88CCCCECe
gggecgecec
ggctgctgte
acgegeccaa
gggoegeget
gtetegacee
ccgeteccog
gegagetceea
tcgaceegta
teggegegtt
ceetgttecg
teggtgagat
testagtege
tccaggtgte
tggatgtege
tcotggeget
gecatgeett
agggtatceg
ccgagecegg
gottccacga
gtoocgaceg
ccgoegtege
tcgecgeget
goaccagcac
cgoccgtoca
cccctgtogg
cagccaccac
cgecegegte
tcgtggaact
tcatgeteac
BCEECCCEEC
ccggegacga
CECCCECCEa
tctacgageg
ctgectggac
ccgacaccga
ccetecagesg
cgotgtacge
ccatggoget
ctgtceggee
tcacegtggg
actgegeoat
cctccgogea
cggtacctec
ccgecgegac
acgaccgtitt
gccgggacga
agaccgagaa
aactgecgga
gaaacctceg
acggtaccgt
teggtegecge
cgggtgegst
cctgcgacge
accctetgac
tcactcecga
atcagotgac
tetteggeee
cgcagctgcg
aggacggcee
gtagtgetecc
ccgagocget
cegtgecgga
cgcacacgac

aCEEacagcg
tecegtecet
CEEEcacage
£aacaccgec
g8aacaccgc
getggecgag
gagegegtic
geaggegtte
cctggageac
getecatcag
getgetegaa
cgeggoggec
gegoggacag
cgaggacgag
ggeggtcaac
tgecgagcac
ccactcacct
tttegegeag
geagttgace
cgecctecag
gcaacteteg
accccteetg
gcacacccac
cagcaccage
getgeecacg
cgacgtcage
caccgetgte
gatcggcgac
cgtegtacege
geegetgace
ccacgacgse
acagtggacce
teteaccece
getegecgaa
actcgacgac
ccgetacgaa
Ggacgaggce
gECCEECECC
gotegtggeo
gatggccatc
getggagtes
getggeteeg
geegtacgec
cgtggtacte
geacgegacg
caccgacteg
actgcacgac
cccoggcags
ageceatectg
gctggccaag
gttgatcact
goatgeggte
ggagotggte
ggotgacegg
tggtgtegts
gegeatcgac
ggcgeatcote
cgegggecag
gaageggeag
aatgaccgea
gctcagecac
ggtggcaceg
gatgctecge
gtocgeegeo

tccgacceeg
gecaccacgg
gCEACCECEC
atcogteogs
gotgtegteg
ggccggacag
ctettetecg
ccggtitteg
ccacttctcg
accgectaca
tectggeets
catgtggceg
ttegatgcagg
gtectgeegt
ggegeageat
tggcaggese
cgtatggace
ccggecatee
actgeggact
accctccaga
gcaatgacce
cggegegaac
ggegtetega
accggtaceg
tacgecttce
4CCZCCEEEC
gacggcagec
caccgeatcg
gecggggace
ctgcccgage
CECCECCCEL
ctcaacgcca
tggcogecee
agoggetacg
gacacctacg
ctccacceceg
[4:4:4:417:3:4:0¢
tcgeocctge
gacaccgagg
gaccagaccg
gececeaageee
gacgaaccgg
ggectogoge
gegeecttee
acgCEcCece
cgtoetgetet
ctggaacact
ttcgegetegc
gecgatcage
ggegetacga
ggcgggaceg
cgtegtetgt
gecgagetea
gatgcgctgg
cataccgetg
geggtectac
gecttgacce
gegtaactacg
ggactgcoge
acgetggaceg
gagcagggec
atgeggetes
gegttegtsc
atggeecteg
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gtgaaagtcg tgotgacgag
agtcggecac cgaaccgeag
tgcgegceca ggoegatege
ccgacatcgg cttctogetg
tggcageega ccatgooggt
ctccoggagt ggtgagegeza
gtcagggete geagegegto
ccgaggettt cgaagcagtc
atgtcgtact cgocgegeeg
cgeagecgge actgttegee
tcaggocgga ttacgttges
gggtgticte gotggageat
cgttgecgge tgaaggeges
ccetgactce ttggetggag
ccacagtggt gtogegegat
gggeccgcaa gettogtoge
cgatgeotcga ccagttecgt
cggtegtcte cagegtcace
actggetgcg cocacgtecgt
ccgagaatgt gaccgegttt
gogacttect gaccgatace
gtcccgagge acccagegeg
tcegactgges cacgtactte
gtaccggtac ggggoagges
agcaccagte cttetgecte
tcacctegee cgaccaccee
tectgeteac cggeaggetg
gopetgtest cctgctecca
aggeeggtte cagocgeate
atggtgccet goggatccag
tgeacatcca ctecageace
geggtetget caccgtegag
agcacgecac ccgecataceg
gatacggece ggtottccag
ccgaggtega gatccecgee
cgotcetega cgecgegetg
agctgotgee gttegectgg
tegtcaaget gteccgtace
goecaccocggt cgecaccgtc
cceggageac cagecaccet
gggagggcaa ccggaccate
acctcacete cgoceceggoe
cgctegetga gatctgcgea
tceccgecga tgecgegece
ccgeegetet catcaaggee
tcgtcacecg tggegegste
ccacggtetg gegtetggte
tcgatctega cgacceggac
cacagctggt cctgegegac
tacaggatcc cgaccceggt
gtatgctege teggctegte
tgetotgecag caggegegee
ccgetotgeg tecegatgte
ccgegotett ggacaccgtt
gtgteatcga tgacgccact
gecccaaggt cgacgecgeg
getttgtget cttetectec
cggecgecaa cgectteete
gogtgteget ggectggest
cgggegacgt cgageggatg
tgaacctgtt cgacctggea
acaccaccge getgegegag
gtgageggtc acgocgeegg
aacaacgett gtcggeegtte

29460
29520
29580
29640
29700
29760
29820
29880
29940
30000
30060
30120
30180
30240
30300
30360
30420
30480
30540
30600
30660
30720
30780
30840
30900
30960
31020
31080
31140
31200
31260
31320
31380
31440
31500
31560
31620
31680
31740
31800
31860
31920
31980
32040
32100
32160
32220
32280
32340
32400
32460
32520
32580
32640
32700
32760
32820
32880
32940
33000
33060
33120
33180
33240



gtcgagggeg

ctgggecacg
| gactcattga

CCEZCCacec
‘ gagottetgg
gagcogatog
gacctgtgge
ggctgeeata
CEECEEEECE
CCCCRECRARE
atgttcgaac
atcggeaccg
ggccageage
ggcctggaag
cacctpgeeg
acggtpatgt
gacggecgat
ggcgtgoteoe
gtcatccgce
gegcocectoge
gacgtcgacg
caggecctga
tcggtgaagt
atggtocags
cgecacgteg
gagaccgace
cacatgatca
accageggeg
teggegaaga
gecaaccecg
cacgecgage
geactggeeg
aagacggtgt
ctggacggct
tttgtggact
cgegtogaag
caggcacatg
gottgegtag
caagccatcg
accgacateg
ggaccgeatt
ctggagacce
cacgtcgage
gegageattce
gecgagtact
ctectegace
atggtecgeg
gaccgtaceg
ccggtegact
taccocttce
acggecggac
gaggacgecce
caccagatca
geeggeggace
ctgeccgaag
CEccgcacea
ctcaacgeoga
tggecceocge
cgoggcttoe
gagatctteg
ctccaccegg
geeggegacg
geccgaagogs
geecgatgeea

agegtogage
Cggacccgag
ccgotetgga
tggtottcga
gttcecgcea
ccategtage
gectggtegc
tegacgoect
gettectgte
cgctgegccat
ggecgoteat
CCZECCCCEL
tettcgecee
ggccggcgat
tccagtcect
CCCEECCEEC
geaagtcgtt
tcctcgageg
geagegcegt
agcaacgegt
ccgtogagec
tcgecaccta
ccaacatcge
cgatcoggca
actggteege
A3CCCCEECE
tcgageagge
aBagCELCEC
cctegeagge
atctgegtte
gogecgtott
acgLcaccee
tegtettcce
cggagetttt
ggtecctgga
teztecagee
gogttgagee
cgggageect
ccgaaaccct
cacccctgat
cegtggteet
gtggtetecg
cgatcegtga
ccgtgetgte
ggtaccgeaa
aggaccaccg
actgectgga
atgccactge
gggegteget
agogecaaca
tegcetccce
acctcttcac
ceggttegat
aggeoggetg
agggcagegt
tcgagstata

ggegetgete gatttgetpt
cagcattgag gagacccgge
gctgogcaat gtactgcace
ctaccegacg cctgeagetc
ggacgccgte ctogocccga
gatgtectge cggtaccege
cgagggecegg gacacgatcea
gtatgacece gacccgggee
cgacgeggeg ggtttegate
ggacccgeag cageggotec
cgacccaaca acgetgaagg
ctacggegee cgcatecace
cteggeegee gtgacctcag
gacggtggac accatgtgct
gegcaacgge gagtectcga
cgegttoace gagttcagee
cgccgacgeg gecgacggca
gctetecgac gecegtegea
caaccaggac ggegocagea
catccgecag gecetggega
CCacggcacc ggEaccecce
C£gacaggac CECCCEgces
ccacgegcag gccgoagecg
cggectecte ccgaagacee
cggeteggty gagotgetea
ggeeggtgte teggegttee
gCCCECECCE pacgageage
cgaacaggec aggecgetge
cctggecgeg cageeccgsc
ggoctgatetg gegcattece
catcgeoggt gaccgggatg
tgecoctcac ctegttcagg
cgetcageget tcgeagtage
cgecgageat atggecgect
ggacgtocta cgocagacgg
cgtgctetes gogpteatge
tgotgeggte ctegggccact
gagtcteggaa gacggagece
cgcaggacac ggcggaatgc
cgcecgetgs aacgagegga
cgcaggagac cctgacgege
caatcgtcge atcccggteg
acggctcoctg geocgacctgg
caccgtcacc ggogcatgge
cctacgtcag accgtggagt
ctacttcgtc gagatcagee
caccageecge ceggtegtea
cgegttgacg goactggeeg
cttegeegge tegacegece
ctactggetg gattceggta
cgatcatcog ctgttgegag
cggoccggety teggtacgga
cctgttgece gecacggect
cgegcgggte gaggagetga
cagggtocag atgaaggteg
ctcctoggac cageaggece

gtggtcatgt
ccttcaagga
gtgogacogg
tcaccgatca
tcaccaggge
geggtgtetg
cggacttcce
accecggeac
cggegttott
tgctegaaat
geagecagece
acgagtcgca
gecggatote
cgteoteget
tggegetege
ggoagegeee
coggotegee
acgeceacce
acggoctoac
acgegtecct
tgggegacco
accggeeget
cagtcggogg
tgcacgtaga
ccgaggcgat
Bcggcagegg
acaccgacge
cgatggtece
gecteteage
tgctecaccac
aggctottee
gecttgecea
tgegtategge
8CECCAEEEC
acggtacgtg
totegotege
cccaaggtga
gegttgtege
tctcaatcege
tetecatege
tcgaggeact
actacgcctc
cagtgatcca
tcgacaccac
tegaageage
cgoacceegt
Cggcacccac
aagcgcacge
geecggteca
CEggcagcag
ccgtgacgac
cgcacccatg
tegtogaact
cgetegctgge
gggagoecga
ccggeegeea

gegggatget tgecggegaa
aaggegetgt cccogticeg
getacggtee gacattecge
ccgaagegge getceccteg
cgctactcga cgetgeccte
gagtcegget tecgtteogec
tacggetgce cotegegecg
teggtcgcce gettgoctea

coggtggagg
ctggacgget

CCCCECCEAg
tecacgaccg
gegetgageg cegegteggte
geccategec aggatgeege
cacgecatge aactccggga
tggaacgect tctecctzca
acgggegeeg acgetetgte
gooccgetege tggecetgce
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cgcgagegte
caccggette
gttgeggetg
cotctacgac
cgegtacgac
cactccggag
ggacgacege
ctectacace
ccggatctce
gacgtgggag
cegegtette
ggecgtegag
gtacacgttc
getggecetg
cegeggegte
getgteccce
Cgagggcsce
ggtgetggee
gecacccaac
gtcgccgece
gatcgaggcg
gcgectegac
cgtcatcaag
gecagecctee
geecgtggecs
caccaacgec
cacgagcagg
ctggetgcts
tcacttgega
gcgetotgte
cgeectggac
tatgagtgge
cgttgagets
cctggaaccg
gecactggaa
gggactgteg
gatcgetgeg
gcttegeage
CECCCCCETe
cacggtcaac
ccgegecgaa
acacaccect
gecacgtgee
cgtgatggac
caccegeact
actcteggcg
cctecgacgt
geacgegsts
cotegcegace
tgacatgage
getggccgge
gectggcogac
ggeegteegg
tecgetegta
CECCACBELT
acgctgggtc
tetcaccace
gotggegeca
acgeggtgac
ccggttegga
accecgoccg
cgegtogget
ggtgacccte
ggagcteteg

33300
33360
33420
33480
33540
33600
33660
33720
33780
33840
33900
33960
34020
34080
34140
34200
34260
34320
34380
34440
34500
34560
34620
34680
34740
34800
34860
34920
34980
35040
35100
35160
35220
35280
35340
35400
35460
35520
35580
35640
35700
35760
35820
35880
35940
36000
36060
36120
36180
36240
36300
36360
36420
36480
36540
36600
36660
36720
36780
36840
36900
36960
37020
37080




tecgacetec
ataccegece
goggtgetgg
tgotoctget
ccogaggeeg
gacgeegtac
gaccggttag
gacgaagecy
gecgageace
gtectgageg
aaggtgecce
gtitggeste
gtegocogte
ggecctgatg
gtcaccgtte
gttcccgeca
actgtcacca
gegeteaace
tecggecgeeg
ctcgacgeac
ggactgtgee
atgggcegtt
gCCCcagegeg
gcecgggecg
cgatecgega
tcggggcteg
gogagegtec
accggcttog
ttgceectec
ctctacgacg
gegtacgace
gacgagoette
gacgagecga
gaggacctgt
cgggectgga
acccgtgeeg
tcaccgegtg
gaagecatgg
ttccteggeg
gagggccata
tteggtetsg
ttgeatetgg
gttgcegtea
gotgatggge
gtoggtgtgo
geggtogttt
aatggtcctt
geggatgteg
gegeaagegt
ggttegetga
aaaatggtgc
acgggecage
ccggacagtg
geeceacgtea
cteccaatoe
tcggegaaga
gccaaccecg
Cacgccgage
gecactggceg
aagacggtgt
ctggacggct
tttgtggact
cecgtegaag
caggcacatg

tgcgeeecgge
tcgteggcee
gocccgatee
atccggacet
tactecgegee
gggectegac
agecgaageog
tcaccgacect
ctggcaggtt
cgecggeget
gecteggote
ttgacggtac
atctggtege
cgoegggtec
ccgectgtga
cgcaccctet
ccctoactec
tccatcaget
gectettogg
tegcccaaca
cggaagecag
ceggecteac
tggacgaage
cagacggcac
ccteccegee
tcatggesza
tgzggcaces
actccttgag
cggecacgot
agcttotege
cggtggactt
tgggtteeeg
tcgegatogt
gecagetggt
acgtogagag
gaggcetteet
aggcactgge

gtecgteteg tacgeggact
ggagecggag tocggeccge
geteggegeg gecaacgoce
ggecgecgetg atcgegecog
gtacgcggeg gagecagoce
cggcegggeg ctgcaactge
geteategtg ctcaccogge
geteagtgcg tcggtocgeg
ctecetggte gacategacg
atccggtgag ccgeaggteg
cgtegacgtt cecacgaceg
cgtettgate actegcgega
cggecatggg gtecgtoget
ggtegagete gtegecgage
tgeggeegac cgggatgoge
gactggtgtc gtgeataccy
cgagcgeatc gacgoggtee
gacggegeat ctcggottga
cggogoggee cagggraact
ccgecgggec aacggectcea
cgggatgace gggracctgg
cgegatgece accggggacg
caccctggtc acggecgege
getgecggeg ctgttecacg
ggcccaggce ECEEERCCEE
Bogocgageg gegoteotgg
ggacccgage ageattgagg
cgoggtggag ttccgcaace
ggtettegac taccegacge
tteeegegag gacgeogtec
cgactacceg acgeotgoag
craggacgec gtgetogooe
geggatggce tgccgetate
cgecgacgge cgtgacecca
cctetaccac ceegaccocg
geacgacgeg geggacttog
€accgaccosc cageagegac

aacgggcggg aatcaaccec
tcatgtacaa cgactacgge
tgeccagese tagegegees
agggaccgge cgteacggty

teocaccctga
actgccatge
agtgteggegt
gataccgecgt

ccgegcagec
tgtecactee
ggtgcaaage
tgctegtgea
cgggeagtec
cgcageaacg
atgccgtgga
tgatcgecac
agtccaacat
aggogatgca
tcgactegse
aCCgECCCCg
tcatcgaaca
CCCCABECCe
cctegeagge
atctgegtte
gegeogtctt
acgecaccee
tegtettece
cggaggtttt
ggtecotgga
tgegtccagee
gegttgagec

gttgcgcaac ggtgagteca
tgccacgttt gtcgagttea
cttcgcggac gotgecgacg
geetttgteg gacgogcgcoe
tgtcaaccag gacggggoca
ggtgatccaa caggegetge
gECECACLEC acgggaacse
ctacggacag geceggtoge
cggteacacc caggecgecg
geacggegact ctgecgecca
tacggeteca gtggagetee
cegegteget gtotectegt
caccccacac accccacaca
cgcagactgt gcaggeccat
cctggecgeg caggocogec
gectgatgts gegeattece
catcgocggt gaccggratg
tgecectoac ctegtteage
cggteagggt togeagtees
cgeecgageat atggeegect
ggacgtecta cgccagacge
cgtgetgteg geggtcatsn
tgctgeggte cteggeccact

11/39
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cgetgttoeg
gecgacogtc
tgaaccteac
tegacggegg
Cggacgeses
tgcaatcctg
gegegetege
gtetggtece
accgggagea
ccetgegete
gtatgcctea
ccggtgtect
tgttgetotg
teaccgotot
tggecgcgot
ctggtetoat
tacgccccaa
coogotttgt
aCgCcggcere
atgcccagtc
acgogeccga
ggetggeget
tggacacccg
cactogtgcc
atggactoeg
atttggtgte
agaacaaggg
gectgeacgg
ctecagetet
tcgecoegat
ctetecacega
cgatcaccag
cgggcggest
tctecgactt
accacceogg
acccggagtt
tgctgetgga
aggecaccee
agecaggeggce
cgggccgget
gttogteete
ctotggetet
gccggcageg
geaccegoteg
gcaacgggcea
geaatggtet
ccaatgeggg
geetggacga
cggaccggce
cgggegtege
ccctgcacat
tgaccgaggc
teggtgteag
ccaccegeac
cggeeggtec
gootgtcage
tgctoaccac
aggctcttee
gecttpecga
tgggtatgec
gcgecaggge
acggtacgte
tetegetege
cccaaggtea

caccgotteg
cgeeggetgg
gegaacctoe
agecgeggte
atctcecgce
getgtecgag
cgteggtace
ttecgecgcag
gteetgegee
cgeccagatg
gatgcecgac
gegtgsecte
CagCcaggcep
geptgcggat
cttggacacc
cgatgacgee
getegacgee
getettotet
caacgecttc
cotgecgtey
cctegeccgg
getegacace
ggccctgeat
cgtaccgege
ccageggttg
tggtoatgte
cttcaaggac
tgegaccees
caccgatcac
caccaggges
tcacctotac
ggeegegtac
ggagtccceg
ceocgecgac
caccagctac
ctteggeate
aaccagctgg
caccggegte
agaggtcttc
ctegtacacg
getggtegeg
ggegggcest
gEgEctEgea
gggcgaagge
tecggtgcte
£aCEECECCE
gttggeggee
cccgategag
gttgtggcty
cgegcgtcate
cgaccagece
cgtgeccteg
cggtaccaac
ctgeccaate
gtegetgete
tcacttgega
geggtetgte
cgocctggac
tetgagtgee
cgttgagetg
cctggaaccg
gecactggaa
gegactgteg
gatcgetgeg

37140
37200
31260
37320
37380
37440
31500
31560
37620
37680
31740
31800
31860
37920
37980
38040
38100
38160
38220
38280
38340
38400
38460
38520
38580
38640
38700
38760
38820
38880
38940
39000
39060
39120
39180
39240
39300
39360
39420
39480
39540
39600
39660
39720
39780
39840
39900
39960
40020
40080
40140
40200
40260
40320
40380
40440
40500
40560
40620
40680
40740
40800
40860
40920




getigegtgg
caagecatceg
accgacatcg
ggaccgcatt
ctggagacce
cacgtcgagg
gegagcatte
geegagtact
ctectegace
ggtctacage
cgcaacgaag
ctgaccateg
acctacccct
ggageegaca
cagacgttge
geeetgtegt
cggatcgagt
teeteggtes
CBEEECAcEC
gecgacgace
ccggeeegeg
stgccegesg
gatgocecge
gcgaaccceg
gaacgctgge
ctggtgacag
gtoectegtec
aagcccgagg
ceetegcteg
gogeoogsty
gecgoetets
agctcgetee
gggcegcteg
acgaaggacg
agcgcaggee
cgcagggcceg
ctgecegtes
CECCCgCage
gtecatcgetg
geggacctge
ggcacagecg
gagcagegge
geeggtecgs
accgeogteg
ctggtgttcg
getteggace
gacgacgagce
ccggaggage
gaccgggact
tattcccgca
atctcgecge
tgggaggtet
gttttegteg
gtegaggest
acgttteggtc
geceetgeace
ggegtgtegs
geggetgacg
gegettegeg
ctggecgtog
cccaacggac
ggtagegaca
gaggegcagzg
ctggectege

cgggagecct
ccgaaaccet
caccoctgat
cgstggtegt
gtgetetocg
cgatccgtga
cegtgetegte
ggtaccgoaa
aggaccaccg
agaccatocga
geaccctocg
actggaccce
tccaacacga
ccgacacogt
ccgacacget
cctggeggct
ggaageegtt
tegttceege
tggagtecte
gegegteget
tgctgtecet
ggctggcage
totagetegs
ggcaggeege
geggtotgat
tacttgcege
gcaggctegt
geacgeteet
ctcatggesg
cggocgaget
acatggcaga
tgcacaccge
agtoggttet
cgaacgtgte
agggcaacta
ateggactggt
gegacagegt
tggcgatcac
acgttgactg
cggaggtege
ggcagggcte
gactggtgct
agtcgatcga
agetgegeaa
actacccgag
aggggecegt
ccatcgecat
tegtggcaget
gggatgtega
geggcgegtt
gtgaggeget
tcgageggec
ggaccaacgg
atctgetgge
tggaggegcs
tegecgteca
tgatgtccac
ggoggtgcaa
tgcteoctogt
tacgeggcag
cctegeagea
tcgacgeogt
ccotpatege
tcaaatccaa

gagtctggaa
cgcaggacac
cgeccgeteg
cgeaggagac
caatcgtege
acggetectg
caccgtcace
cctacgteag
ctacttegte
ggaaaccacc
gcacetgtte
cgeetteace
acgctactgg
cgagageget
cggegttace
ccgacagegt
CCECECCLCC
ccatgecgge
cggecgtecg
cgaactgaaa
gctggecace
caacctgect
cacctgcgeg
gatctggeeg
cgatctgece
gtogggceag
gegggtacee
ggtgaccggt
cgecgaacac
gacggacgag
Gogggacgeg
cggcgtecte
getgcecgaag
ggcattegts
CECALCCECC
cgeccattcg
getcgaggaa
ggcgcteoag
geegegctac
ccaggecctt
gteecegotg
cgacctggtc
gtecggeogg
caggctgget
cgetgoogtg
ggcgeatotg
cgigtegatg
gotgetggee
cgecctgtac
cetgtecgac
ggeccatggac
gggcategat
ccaggactac
gegcaatgeg
ggccgteacg
geccttigege
CCCEBCEECE
gecgttegog
ggagogteotg
cgeogttaac
acgegtcate
cgaagcccac
cacctacggt
categeacac

gacggagece
gecggaatec
aacgagcgea
cctgacgcse
atcceggteg
geocgaccteg
ggegcatggc
accgtggagt
gagatcagee
goetocggcce
actteccteg
cacaccgage
ctggacacgg
ttttgggace
gecgacgcge
gageagtect
gtegteggcac
gacgeggace
cggacgatce
ctcagggacg
gacgaacgte
ctegtecagg
geggteteceg
cteggacgeg
gtggtecteg
gaggaccage
geacgecaag
gggaccggag
ctggtgctea
ctgcttgcce
gtcgccgcge
gacgacggte
gtegeegecg
ttettetegt
aacgectace
atcgectgee
cgectgegee
cagacgtteg
ctcaccgegg
aacgccgacg
gecegagegte
cgtacgaacg
gecticogog
geggecaceg
ctogeegate
tectecggcg
agotgoogtt
ggtgaggaca
gacccggace
geggeeggtt
ccgcageage
cccacctegg
geccgecatg
gecagegtea
gtgzacaccg
aacggcgaat
ttegtggaat
gacgoggcgg
tcegacgege
Caggacggey
cgecaggeac
ggcaccggga
caggaccgee
acgcaggece

12/3%
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gegttgtege
tctcaatoge
tctecatege
tegaggeact
actacgecte
cagtgatoca
tecgacaccac
tcgaagcage
cgcaccecgt
ggaccctote
cccaggeoca
cccgeaccac
CEEAECCECE
costegages
cgttcgactc
tgetagacee
cggattecgt
gggagagggc
tggtegeget
ccgegacoga
cccteceoge
cactgggoga
ccggecggte
tggtogeect
accegegeee
tegeogtacg
tgeeggacgs
cgetgagoge
ccagecgteg
togggacgga
tgoctogocga
tactggacag
cteggcacet
CCEZCCECALS
tggacaccet
gegogtgega
acggaggagt
accgggcgga
tecacaccgeg
acgegeoteg
totoogegeg
tggoggoegt
agctgggett
ggctgeeget
acctgtacge
ccgatecgge
tccccgeeeg
cgattacegg
cggaceacce
tegacgegac
gectectget
tacgteggcag
tgecccagga
tctoeggecg
cgtgttogte
gotccatage
tcagcoggca
aCgECACCEE
gCegcaacge
CcCagcaacgg
tegttgacee
cceggetege
cggcgaaccs
ccgegggogt

gettogoage
cgeeeccgee
cacggtcaac
ccgcggcgaa
acacacccct
gecacgtgee
cgtgatggac
cacccgeact
actcaccatc
caccetooga
cgcccacgge
cecectgoee
tettgegcag
cgaggagteg
cgtgatgtee
ctggegttac
gtogggeace
gcaagecgts
ggaccegece
ggegggtceg
gcatgatets
cgegeagate
cgaccggetg
ggagcacocg
tatggaaceg
gecetegeee
cgtgcagteg
ggaggtcgog
cggcgecteg
agtgacactg
gcacgegeeg
cctggaccge
gcacgagtteg
cgtectegec
ggccgaacag
cggcgataee
getceccatg
gaccgeggte
cccatggctg
tgcocctige
CCCEEcacce
geteggecac
cgactetotg
geecaccace
gcaggegate
ggccggaceg
tgtctecteoc
gttcoceggac
ggegaccacg
gotgttogee
ggagacggea
Cccgegecgec
accgatcgge
tctgtegtac
ctcgotggte
cetggcgeea
gegggggety
ctggegegag
tcacceggts
cctcacggeg
cgegotgace
tgacccgatc
gecectgtee
cgeeggegte

40080
41040
41100
41160
41220
41280
41340
41400
41460
41520
41580
41640
41700
41760
41820
41880
41940
42000
42060
42120
42180
42240
42300
42360
42420
42480
42540
42600
42660
42720
42780
42840
42900
42960
43020
43080
43140
43200
43260
43320
43380
43440
43500
43560
43620
43680
43740
43800
43860
43920
43980
44040
44100
44160
44220
44280
44340
44400
44460
44520
44580
44640
44700
44760




atcaagatgg tccaggecgat
ccgaccagos acgtogactg
tggecggaga cegaccggee
aacgcacaca ccatcgtgga
ccegecgatg ctoegeccac
ctgcgagage aggccgeacg
gecgacateg ggtectecet
cteggtgagg accgcgacge
ggtecegete tegtecgtee
gEecagggca gecagegact
cegeagttot tcgacgagge
geegogetgt tegogoagge
gegcagecgg cgtigttege
gtcaggeogg tttacgttge
gegstgttct cgctpgagea
gegttgeogg coggtagtye
tecttgacte cttgectgga

tccacagteg tgteggecga

cggggecgea aggttegtog
ccgatgeteg accagttecg
ccgetegtet ccagegteac
tactgggtee gocacgtocg
accgagaatg tgaccgegtt
caggagacge tcaccgecca
accaccgget tgotcaccge
accgettace tcaaccacca
caccaccact actggatgca
teaggageoa accaccoget
ctgtteaccg googectgte
agcaccgteg tgttgocggs
gteggctecg gocacgtgga
ggcgeecgtac agatacaget
gtogtgtaceg ggogectege
cggcacgeca geggtetegt
accgtatgge cecccggaagg
gocggcacca getteggeta
gacgacgegg tgttegegga
tteggactee acceggeget
gegectgaca cogecgagec
ctetacgecg coggtgecac
gtegtegetge tegtogecga
ctgegeecegg tegeggcoga
gagtggtcga aggoggtoga
atcggaacge cgeecggtec
tacccggaca tggecgogtt
gtgttgttet ccgeccegte
gtggacaagg ccacgaacge
ttcgactcct coaggetgge
gacgtgacgg accttgccca
catccegace ggttegtget
ctgeocgett tgotgteocoge
ccgegeotgg ccagggeegt
ggeacggtet tgetgacceg
stggttgage acgeggteeg
ggegogecgg agttggtege
tgtgatgteg gegaccageg
copgttgacgg cggtgetegca
actgeggage aggtcggecg
gagttgacge gegsectega
ttogggaate cgasgcagge
gtgegecsce gggcggager
gocagegoga tgacgagecg
ctgettecee tecaccaccgg
gagecectgg tactgcocgat

ccgecatgge
ggaggcagec
gegtcgggce
gecaggcacet
ggtggtecce
cctegeeacg
ggtcaccacg
tctgeggece
cctegocagg
gggeatggec
gtgegccece
ggatggeece
gctggagetyg
cggecatteg
tgoggctegt
gatggtegeg
gcaggaccgg
tgaggaggeg
gotcactgte
tetegtests
cggtegtctt
tcaaacggtc
tetggagate
ggtccatace
actggcgcaa
ccecacacee
cgecggtace
getggeggcc
ggtecggace
cactgeettc
ggagctgacg
ceggctgege
gacggaccet
cgtegeagea
cgccaccgag
cggtocegee
ggtegtgetg
getogacgee
gcacaccgac
cgcactgeee
tggetegges
cctggecagt
Cgacgagece
cgacttcacg
gaccgacgcy
ggaggaggag
getgctogea
tgtectgace
cgectogtge
ggccgacace
tgagecgcag
tgegtecgeg
tgetacggeg
geggttetty
tgagctgace
ggeegtggeg
tgcctegges
getgetgeag
tetgtegges
caactacgcg
cctggotece
gctggoegeg
goaaggegcte
gaggctggac

gtacttccca
gegptggagt
ggcatetett
gecggeggaag
tggetgotet
tacctegace
cgtgeagece
geectggttc
cCCggacaga
agggageteo
ctcgacgeac
gatgeggggc
gegttgtece
gtegetgaga
ctggtagtee
ctecaggtgt
ctgggtatcg
gtectggess
agecatgcct
gagggtatce
£CCEagCeece
cgettecacg
ggtecogacg
atccccacce
ctecacacca
tccacacccg
caggecaces
gegetocege
caccgetgge
gtcgaactgg
ctggaagege
cgggoggace
gaggacctgt
gegeoctegg
ctcatcgtga
ttccaaggge
ccacaggatc
geeetecacg
cggatgeect
gtgcggttge
gctceggtge
geoggtgtog
ggecgggeeg
ccgggegage
ctcgacaagg
caggaccagg
gtgotecage
cgteacgege
tggggacteg
gacggeacce
gtegeogctgc
£acggecceg
actctggegt
ctggtgagee
gggcteesge
gagttecteg
gtoactgatg
togaaggteg
tttetettgt
geggccaatg
cggtegetgg
gecgatotgg
gecectetteg
accacgecce

13/3¢

agaccctgea
tgctgaccga
ccttegeegt
acgagecgga
ccgetgecac
agCECCCoEa
ttgaccaccg
tectgecgaa
aggtgecgtt
atcgoccacct
acctgeoggt
tgatcgatgg
ggacgttgea
tegegecgec
CEcgcggaca
ccgaagacga
cggeggteaa
tteccgagea
tceactcace
gtttegegea
ggcagttgac
acgcecteca
ggcaactctc
tccgaaagaa
ccgecacegt
tgcccaceta
atgtcagete
tgecegateg
tggocgacca
cggtacgggc
cgotegtect
aatccggacg
getccgagga
CCCCCgagee
aggacctcta
tgegegeege
agtacgcegt
geetogegot
tctectggag
acatcgctte
ccgeggtgaa
ccgacteget
aaccggggea
acggeetcat
gagtcgeogt
cgeacgatct
agtggctgte
tgtcecacgge
ttoectegec
agatcagtca
gtgacggaac
tagegceegt
cttoegotegc
gteggsecas
cggatgtcac
cggggattce
acgeggteat
atggggcegt
tetctteege
cetttotega
cotgggetet
tecggatzeg
acgcegecca
tgogctccac
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cgtggaccge
ggecatgeoe
cagcggeace
aaceggecea
cgaggacgeg
gccaageccg
ggcggteate
cgggaagtce
cctgttcace
geegetgtte
accgatageg
gacggaattc
gttetgegst
ccatgtgace
gttgatgcag
cctectecca
CEBCECagca
ctggeagece
tegtatggac
geeggecate
cactgcggac
gaccctccag
ggeaatggee
ceggtetgag
cccegactgg
ccccttccaa
cgecggccte
ggagggecac
ccaggtegee
cgeteaccag
geocgagage
gegtgaacte
gegaatggacc
cgtccaactg
cgaacggatc
cteggegscts
cgcgageegs
ggggcagecyg
cggegttace
BCCCEaggac
ctogetgaag
gttecgecty
atgggeceotg
catcggaage
CCCECAgCgg
cgegageges
CEAcgaccgs
tgggcaggag
gecagtccgaa
cgetgecctt
ccggtatgte
ggacceggeg
caggcattte
geagtcggag
getggeggcs
ggeeggteat
cgaggogtty
caatctgeat
ggecggtety
tgcettageg
gteggageag
ccgtgeegec
ccggacagac
caccggacag

44820
44880
44940
45000
45060
45120
45180
45240
45300
45360
45420
45480
45540
45600
45660
45720
45780
45840
45900
45960
46020
46080
46140
46200
46260
46320
46380
46440
46500
46560
46620
46680
46740
46800
46860
46920
46980
47040
47100
47160
47220
47280
47340
47400
47460
41520
47580
47640
47700
47760
47820
47880
47940
48000
48060
48120
48180
48240
48300
48360
48420
48480
48540
48600




cegecgeege
ccocggacegg
CEGZRECEER
ggcocggaag
gegetggagt
acgttegact
gaggtegeca
gacaggceeg
gaactcgece
ageccocatga
ggpageteaa
cgtgcegeta
ECAcCEacgc
aCcCCERacee
cggcggagtt
Cgcaacageg
cactceggct
tcacccgect
geagegtege
tggacacgge
acggegaatg
tcaccgagtt
Cgecgecegga
CEEACECCOE
aggacggtge
ggcaggcact
geacgggeac
aggaccgece
CCCAEECCES
ccctecegaa
cggtggaact
gegtgteote
Ccgaccgaage
gegtggtete
atctgtegga
ggteggegtt
gectggacege
CEEECEgCRE
tcgaactget
tgagcccota
aacgggtgga
gecgtteott
cggeotetet
gecaggecat
agecacggec
acgggeccgg
agctggeege
cgcatgtgga
cttccgagat
acgecgagta
cctcgatgte
cgggoatega
gocgttogga
gogtgecgst
cgacgtactc
acggeggeoge
tcggogaact
agttgttgce
gctegeegta
gcacctgget
cCcpageegc
ccggccggea
gegtgettte
cgtatgtcac

tgctgcgcaa
2CECEECCEC
tgetegctgga
ccgtegatgt
tccggaaceg
accegagece
tgeecgegga
gagacgaaca
tcggogaate
aaaagtagtc
cgacgagetc
tocoggcgse
getgteggag
ggaccacteg
cgatccggtg
getegcteetg
ccggggeage
CCageeEgce
Caccgecegs
gtagttegtee
caccatggog
cageoggeag
CE8CACCEEC
gegeaacgga
cagcagcgec
ggcgaacgeg
cccgetgegg
ggeeggeege
CEBCEEECEGC
gagcetgeac
gctcaccgag
cttegggste
tcccgagggc
gggceptgge
gegtcaggac
ccageaccgg
gotggecace
agtcgceotg
ggactcetea
catcgactgg
cgtegtecag
cggagtccgg
ggccggegeg
cgegaccgag
ccaggactgg
atcagttgte
cgagggestg
geggateoge
caccctgtac
ctgstaccge
cgacggetac
£8a8acCgce
cggtggeoece
ggagtggace
cttccagegg
Cgacgaacgc
gagcgagacc
ggocotgteg
ccggptetea
gatcgtgste
cgagggcecty
geagtacgeg
cctgetegee
cagcacgetg

cctgstocgg
caccttccag
gaccgtacgc
cgacaaggec
getgacgtee
ggecgeecte
ggagcageac
BEEBBECECE
attcctgate
geggcectee
gcctoggeet
gtgacgtece
ttececgecg
ggcacctect
ttottcogeca
gaaacggcat
Cggaccgeceg
cecgeggact
ctgacctaca
tcactggteg
ctggcaggee
cgegeteteg
tggpcagagg
cacccggtege
ctegaccgtac
ggcotgtoeg
gacccgateg
cegttatgee
gecggagtea
atcgacgece
geegtgcegt
agtggcacca
gtgacgecge
gtagaggccg
tegtcactgg
geccgtegtac
EggEaaccgg
gtetteecce
tccgtgttea
tcactgaccg
cecegegetgt
CCCECCECEE
ctcagettgg
ctggeeggce
atgacggggc
gtoteoggeg
cgggtecgca
acacgtctge
tegteegtea
aacctgogge
cggttcttea
gaggacgetg
gacaggttcc
gtgatgttcg
cageggtatt
tcggagacge
ctgcggateg
acgtgecgte
tggeggceog
ccgecggega
ggagaccagg
gecaggeteg
ctggcogage
geacttatge

gtecagegcte
cagcagetca
ggecacgege
ttcatggaag
accaccggec
gecgageace
ccgeacacee
atcgacgaca
ccgeategat
gggegteget
ccogegaace
ccgaggaact
accgtggcte
acgtgaggga
tgtecocacg
gggaggectt
tattegtcgg
tcgagggsca
cgttcgegct
ctotgcacet
gegtogeogt
cggtegacee
gegteoggect
tggctetcat
ccaatggece
ccgecgacgt
aggeccagsce
ttegttegot
tgaagatgst
ccacgeceea
ggcacgagac
acgcccacgt
gggegeoget
tcegegeeca
agggeatcgg
tggoggccea
cgaagggctt
gecaggecte
gagaccggat
aggteotegcg
gggoegtgat
toctgggeca
aggacgecgc
geggcgeaat
gggcggaacg
acgtggacge
ggettocget
tegeggogct
ceggteetee
agaccgtgga
tcgagtccag
accggttcge
tgactgcget
CCEECCEECe
ggetgeccee
gettetegea
gtgacgegga
agcagaaccg
teteccegge
cggeggacca
ctstcegget
cegaggcese
agCcggcgea
aggcgetgeg
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gCccggacgge
tcagectgte
ccgeegtget
ceggecttega
tgeggatgee
tgctgacgeg
ggcccgaaga
tggacgtega
ccgggaggac
gaaggccaac
ggtegoeate
gtgggacetg
gaacgtcgag
gzgaggette
ggaggcgcty
CgagCEERgC
cgtcatgtac
gctoggeaac
ggagggsceg
CgCccgeecag
gatggccace
ccggtgcaag
getgctggte
acgcggaacg
ctegeagoag
cgacgcgetg
cctgategee
gaagtccaac
ccaggecatg
ggtogactge
Cgaccggcce
gatcatcgag
caacgccgag
ggccgggcag
actctctetg
ccacgatgge
ggtegatgge
ccaatgggcc
ggaagectec
ctcctgegaa
ggtotegote
ctcgoagggo
getgetgete
getgteogte
gotgtegete
getggaggag
cgactacgec
cgecoeggtc
catcgacace
gttcgagegg
cccgeacceg
ggeggeegte
cgoggaggot
cgtgagtcag
cgacacgtce
gectgtogag
CCEECagEcE
gtocgeegoo
gtccgateca
geagtgagee
cgaactgeggc
geccggeget
CECCEaccog
cgacgeggsg

8EBCECEECC
cgtegeggag
cgggeactee
ctectteage
ggecaccgte
gttggttcee
cggaccggty
cagectegta
agcatgagca
gaacgectge
gtoggeateg
gtegcegecy
gagctetace
ctgcatgagg
geecacggate
ggtatcgace
aacgactacc
8gcagegcee
gegeteacgg
gogctgegca
ccggggecct
ccgttcecce
gageggetet
geggtgaace
cgegteoatce
gaggcacacg
acctacggec
atcggecaca
cgeeacggga
gageccegee
Cgcagegces
gaggcteece
accttgeegt
ctgegetect
geoaccacge
ttcatggecg
gaggccgtat
ggaatggcge
gecgcaggege
gecgagetgg
gecgaactat
gagatagegg
gegetgegea
geectgeoga
gcggeggtea
ctgegegcee
tcgeacaget
tccocgogeo
acgaccatgg
geggtocgea
gtegcteacga
ggttogotge
cacgtgegeg
cccgatetee
cCCcggegace
cgrceaggace
togttgegty
gtootggaca
gocttgeoge
gaagegotet
agggccgaag
ccggtggceg
gtatggcsce
atcggegege

48660
48720
48780
48840
48900
48960
49020
49080
49140
49200
49260
49320
49380
49440
49500
49560
49620
49680
49740
49800
49860
49920
49380
50040
50100
50160
50220
50280
50340
50400
50460
50520
50580
50640
50700
50760
50820
50880
50940
51000
51060
51120
51180
51240
51300
51360
51420
51480
51540
51600
51660
51720
51780
51840
51900
51960
52020
52080
52140
52200
52260
52320
52380
52440
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cgetgtgect
cgacagecge
aacggtgeee
tggcegecat
gegtgtacet
ggcacacgte
cccgatgget
acgococtgg
tegtggecte
ccgacggeca
tggccgacet
cgeacctega
acgeeggegt
acgegetgee
cttgggeegg
geetecgeec
aggagacgtt
tggccoggoe
cggeecegte
geggtctttea
cgetectogs
gettegacte
cgetgeecge
gggatgaget
acgacgacce
cggaggggct
accgaggetyg
acacccttga
tetegecgeg
gggaggcott
tgttcatcgg
tcgagggaca
cgttoggtet
cgttgcacet
ggetogeget
cagctgatgg
gogtoggtet
tegeegtegt
ccaatggtce
gggcggatgt
agecgcaggc
tgggtteget
tcaagatgat
cctegtecca
ggcccgagec
acgcgeacgt
cggtgaagtc
gcagtgacge
cgsaggtcag
ZCCECECCEC
gcggegecac
cgticetgtt
cgecacccgga
accggeegtt
acggesceLs
tggaagcatg
cggcteatgt
ggcagctcat
acgagatcct
tcaacggtce
ggecactggcg
caccecacat
tcgagecgat
tgaccagegc

g8ccaccegg
acaggcccag
tggectegtt
cetggecgge
acggegteteg
ccgtacggec
gECgagcace
gacggacgag
cgatgtgtcc
caccgtecgt
Cgggccegee
cgaactgete
gtggegegge
€aaacggeec
cggoggeatg
gatggaccca
tetegeggte
ccgecocctc
atgggccace
acCggagcec
ctacgecgge
cctcaccgeg
cacectggtc
gtteggtgtg
gatcgecate
gtggeagete
ggacctegac
gegeggctte
tgaggeecte
cgaacgageg
cgettectea
tgtggtgace
ggaggeaccyg
gectgogeag
gatggtgace
goggtgcaaa
gotgotggty
ttogegcagt
ttcgeageaa
cgatgccgte
gttgatcgeo
gaagtccaac
ccaggecatg
getegatteg
Cgaccgeccee
catcatcgaa
cceggatget
ggegttegec
tgoggoogag
cgtegtigge
caccgeeecg
ctecgggcag
gttcgccgag
gaaggaggtg
gttcgegoag
gggcatcace
cgeeggegty
geaggoootg
ggocatcteg
cgecteggte
ggcacaggge
ggatcecatg
cattcoggtc
cgactactgg

ggegoggtet
ctgtgggece
gatctgccgg
ggtotoggee
gtecegegeac
ctgetcaccg
ggoecggaac
ctgtgceccg
gaccgggace
acggtggtac
gagttcgecg
ggogacgegg
88CEECCagy
cggtocegeg
geegeggage
gcgatggcga
gecgacatgeg
ctcgacgace
gcggagaccg
ggecgecgec
CCgaacgage
gtggagatec
ttcgaccace
caggacgaca
gtgtogateg
ctectgtccg
agecttgeeg
ctcgatgace
gecatggace
ggoatecect
cagggatacg
getgacgcgg
gecgteacge
gogttgegea
cecggeggegt
gecttogoge
gagogtttgt
gotgtcaace
cgeetgatee
gaggegeacg
acctacggac
atcggecaca
getcacggea
gaagcegece
cgeegggcag
CaCgeCCCEs
gtggagecty
gaggtgeceg
gtogogttct
ECEEACCECE
gecgtottct
gecagccage
gegetogacg
ctgttogege
ccgegegttgt
ccogactate
ttcagcotsg
cceggegete
gegeegtgge
gtegtoteeg
cgcaagacce
ctegacggst
atctccaace
gtceggeacg

cgatcgggeg gtecgacaag
teggccgggt catggpacte
agacggecga cgetegtgcg
ccgaggacca gtgcpeggte
cgetegaccg gogagegegg
gtagcaccgg cegteteges
acctggtget caccagoagg
aactgtecge cotegggete
aactggccge cacattggcea
atgccgocgg ggteagtace

ceggtecegt
gaacacceeg
acggcgcgec
cggteetoce
aggecgtect
gegeacgtog
cgeggecegg
cgggteageg
cgattgaccg
CGCEBECECEC

aggeegtege
agotggacge
gogoctatge
geogegtege
gtaccgecga
tcteegeact
actgggaccg
tgecggagst
aCgECcCcCgec
tgetegacct
tegaggcega
geaaccgact
Cgacgecceg
CgCCgeaacc
getgoogttt
gecgtpacge
gtgacggece
cggeogettt
cacagcagcg
cggecgacet
cccaggtoge
ccagegtcat
tggataccgc
acggtgagte
ttegtegagtt
acgetgecga
CEEAacgCECE
aggacggeeec
aacaggeget
gcacgggaac
aggecoggte
CCCageCCee
cgeteccceg
cgetegaget
cagtctecte
aggtcactec
atcgaccggt
aacggctgge
cgotcgegac
acgagetggt
gcgggacggc
gactgggcat
aggtctgeeg
aggeggatge
tcgeactgga
tggeogggca
aggaceCesc
gegogatget
tggagegega
BBgacgagga
gtcgecteag
teegecgggt
tcaccggtcg
tccgecaage
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BBECAaggcg gCEggcecop
cttegtgete ttectcatcca
cgecgeocaac gectacctgg
gaccteccgtc geatggegee
cgagecagetg cgoogecgag
ccaggaggeg ctggagcacg
tttcotoccg tecttcacca
ccagoggeag cggctgagog
actcgegcag cagotegece
ggtgcgcaag cacgcggcee
acgggoctte cegggagcteg
ccagecggeg accgggetga
cgetetggee gegcatetge
ggcgoggecg toggcacegg
ccccgetggt gtotectece
catgtegtcg ttcccagtgg
cggacagatc ggcggoggtt
cgacgeggeg ctgtteggea
goetgetgetg gappettest
goggtecage cggacoggee
cgeggagtcc gegpaaggag
gtecggeegt ctgtegtaca
gtgttegtee tegetggtep
cactotggct ctggegegece
cageocggeag cgggggcteg
cggcacceec tggggcgaag
ccgcaacggg catccggtge
cagcaatggt ctgacggoge
ggecaatgeg gegttgeceg
ccgectggec gaccegateg
ggeggacege cogttetgge
cgoggegegte geoggogtea
tacgctgcat gtegacegec
getgaccgaa gecatgcect
gttcggtetec agtggtacga
cgecteecag gecccggaac
cecgtggete ctetepgeze
cgectacgec gaategcace
cacccggtec ctgttgeogt
ccagegeate cegtocgteg
gagttcggag tgcaccacgg
geggoatgag ctgtacgeeg
tcacctcgac gtgttcgggg
gecgeatgeg sggotgateg
ggtogegete taccggacce
ctccottget gagatcgegg
tegectegtc acggogceee
ggeegtecag goctecgagg
cgeegtegsc atcgecgeog
agecgtectg gegatogecg
cgtcagecac geettecact
cgtcgacgge atgeaccttg
cctcgecgat cecggecage
cgtcogette cacgacggce
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52500
52560
52620
52680
52740
52800
52860
52920
52980
53040
53100
53160
53220
53280
53340
53400
53460
53520
53580
53640
53700
53760
53820
53880
53940
54000
54060
54120
54180
54240
54300
54360
54420
54480
54540
54600
54660
54720
54780
54840
54900
54960
55020
55080
55140
55200
55260
56320
55380
55440
55500
55560
55620
55680
55740
55800
55860
55920
55980
56040
56100
56160
56220
56280




tacagaccct
tcacggocat
ggaaccagee
CCacCcecga
cctaccectt
getecogeegg
acggcgacgg
accaccaggt
gegcteptea
tectgeccga
gecgacgtga
agpaggagte
tcgcactgac
ceggtetgge
ggcgteagge
ccgectecta
tcacggacgg
tgtacgcgte
tcaccttoge
tgogecoggt
gggagecaact
CELacgCgec
cgetgcceee
gegeeettgy
ccgtegtoac
gteccgeogt
tggtggatet
acgagecgea
gtgaggaceg
gogaggoceg
tgctgeceeg
teggtecget
aggtgotgea
tggtegcceg
cgteeggote
acggactgeg
cogpgtegogt
cCacggccag
tegoctecte
actccctgge
tcgtggagat
ggacgttega
tggagtgett
gcgegetege
cggtecogeg
tegecgetet
tcteccgeac
tacggatcge
teecogtegga
tggteaccgg
ccctecacet
ctatgtcggg
tcgacgogot
gtttetggea
tgegcgegat
cctggcagag
agcgggccte
ggcgecgtac
cgacgctace
ccgegetgot
toggcttega
tecgactece
tcgacgeect
acgaggaact

geacgatcag
gecteaggag
cgaaaccacc
ctggatcace
ccaacaccac
cctgteeggt
ccatetgttc
cggegecaac
ccaggtegge
gageggegceg
ccteacegte
gaccoggeac
cgtatggceg
Cgagagcgeg
cgacacggtc
caccatccac
gagcgacaac
cggcgeetee
cgtcaccgac
CECCaccgga
cctegatgeg
gecgotgoty
gotggtegty
cteggetgcag
cegtgetece
gaccggeotg
ggacggcace
gatcgcgete
cggetogotg
cagectggac
goaggtgegg
cggcatetac
gaccggcgat
cggetteggt
gaccttcace
tgaactgggt
gegtacegcg
cgececcaag
ccgeacootg
cgeggagtac
gegcaagace
cctggegcag
cgaggeegeg
cgegtteegt
cgacctggac
ectogecege
gggagaacgg
gegectgcgac
geaccegelg
cctegactee
gcacgaactg
tetoctegge
Cgcccageag
gaccgegage
cggeatgete
cggcgagecg
ctegagcgee
getgocggag
ggaggcggag
geggccatgeg
ctegetgace
ttcgaccetg
getgcegegs
cgacocgactg

ggcgtcacca
gccctgagee
agtctgcteca
tacctcaace
cgetactgge
gegaaccatc
aCCgERCEes
gtegtactge
tgcageccagg
gtccaggtac
tacgeggcgac
Bccagegees
ccgteegeeg
tacggctacg
ttegecgagg
ccggctetee
ccegtggtac
gagetgcgeg
CCCaccggce
gtaccgegee
CCggoracce
ggegeegage
geogtggeeg
ggatggatee
gtegosgteg
gtgaagtcgg
accgagtcct
cgogacgege
ctgccoceegg
gegeteegec
atcgeggtec
cccggegeac
ggggteaceg
ccgatggece
cgegeggcce
gegegotgecsg
gcegtgcaac
caggagtate
gacttegett
gtegacgoct
gatgttcgee
gecggtoeeg
gaactcactc
tgeatgagee
gccgacggca
cacctggtca
gcogetctee
atggctgace
accggtegtet
gctcggeteg
acggegeage
geeteecggee
cggegtgece
gcgatgaccg
gggeteacce
ctgetggtee
cgggtgecct
agcgecaage
CgCCggggca
ggeaccgatg
teegtegagt
gtgttegace
gcagagacge
gcaacggtge

cctacctgga
cccagiceca
ccacgetege
accgacccte
cgcgegecga
cactgetggg
tgteggeacg
cgggcaccge
ttgaagaact
agotccgget
tegoseeges
tectotocag
ccgaggeegt
geeceegeott
tccaactece
tggatgecge
ggatgecgtt
tgcggeteoge
geeeegtgee
tgacacgcaa
6Cgcgaccga
cBcacccgga
gcggegacgg
Cggaggageg
gtgcgeecea
cggagtcgea
gecggecect
aggegtacgt
GCEEggcgga
tcgeeectee
gtgccgcagg
tcgacctoet
gectegegpt
tcgecgacag
gtattccgat
cgggocageg
tcgeecggot
tgeceggatet
ccagettcee
cgotggeett
atgetgecec
agctgatcge
cggtecgcac
aggcccggea
cggtcetgat
ccgaacacge
gtegtgaact
gogeagegst
teccacgegee
cacgggtgct
tggacctcte
aggecggeta
agggeectgee
cgcacctgag
gcaacgaggg
cggteegete
ceectgetgeg
£Cpoggeceg
tectcatcga
cggtgtoget
tcegcaaccg
accccacace
cgacaacggt
tgctgtcace
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aatcggeeet
cacegtctec
gegactecac
atcccocgaca
tgcteaggce
agecgeggte
gacgeaccge
cttegtggaa
gacgctggaa
8gBCCERECE
cgecgaggac
cgeeteggec
gccgetegag
ccagggeetg
tgaggtggta
cctecaagee
cgeetggtee
ccggacagga
cteggtogee
cgggctecac
gtgegoegte
cotgeeeteg
tacacgggeg
gttegecget
getectgece
£aacceg8sc
goegactete
ccecogeote
cgcctegcee
cgaggacgeg
ccteaactte
Ccggcagecgag
gggcgacegg
ctgecgggte
cgecttecte
getgcttpty
attgggggot
ggecgtegac
tgaggtcgac
gttecgceag
gtacgaceggt
ccgaatgctg
agecgccteg
cacaggcaag
caccggegac
cgtacgacac
ggaggagctg
ggecgaacte
gegtetecte
ggctecgaag
ggcgttegte
cgegecggeg
cgegetgteg
CEgacaccgac
catggaactc
ggaccaccgg
gaggetggte
cgggetgcgg
gotggtggeg
ggaccgeceg
getgaacgaa
taccacgctg
tgctgecece
cgegttgaac

gacgeccage
accctgegea
accaccggta
ccgetgecea
geegatgtea
ccgctggoce
tegctggocy
cteggcegtac
gegeegetag
gacgagtecg
ctetggeteg
cccgaacceeg
gecttetaca
cggeccgect
cgggaggagg
gtegettteg
ggegtgteca
ccggagacgg
tcgctogtea
gaggtggtct
atcggggacg
ttgggegaag
geactggage
tocogectog
gacgcteceg
cgettoctge
ggcgecegce
gtgegtacecg
ctggagacag
caggegecee
cgtgacgtce
atcgeoggoe
gtcatgeece
gtacggatac
accgocetgt
CacgCgecey
gaggtgtacg
cgegoecgta
gtegtgetga
gecggeegst
gtegacgtace
getgagtteg
gatgtocgge
atcgtectga
accggeacge
ctactgetgge
ggcgecgagy
ctcgacggca
gacgacggceg
etggacggeg
ctgttctect
aacatgttee
ctggegteeg
ctgegecgea
ctegacgegg
gtgotgceee
cggegegecega
gageggeteg
ggecacgtgg
ttcaaggage
gogaccggge
8CEECCCREC
acctcgeege
atggeggatc
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56340
56400
56460
56520
56580
56640
56700
56760
56820
56880
56940
57000
57060
51120
57180
57240
57300
57360
57420
57480
57540
57600
57660
57720
57780
57840
57900
57960
58020
58080
58140
58200
58260
58320
58380
58440
58500
58560
58620
58680
58740
58800
58860
58920
58980
59040
59100
59160
59220
59280
59340
59400
59460
59520
59580
59640
59700
59760
59820
59880
59940
60000
60060
60120




ggegacggect
cgeccgateg
agttgetega
gaggacggec
tctgaagegg
Caagaaccgg
gtegeecgaa
caccgaccgt
cacctacgig
cggeatotce
ctegtaggag
cgetetgtte
ggaggecgag
ctacacctte
getegetott
gggcgecate
tetegegece
ggaaggcgee
ggtactggce
tgecccgeac
gtegecegge
gatcgaggeg
ctggeteagt
cgtcatcaag
ccggccgace
gecgtggece
€accaacgcg
tccgggages
geocggaagec
ccteeggetg
gacegtegte
CgECEagace
cctgttcacg
ccccgegtte
gecectgagg
taccggatte
gtectggggt
ccatgtggec
cctcatggaa
ggtgcteceg
ccgetecace
ctctcagege
gegacceegte
tatcccgate
ctactgagte
geageacgge
ccgegaacac
gcgcaggaac
gggeaccege
geegacctac
Cgggggegec
cacggcgeeg
cttcgccgac
ggtgtgtgty
cgeegeecac
cteceggotg
ggacteegte
ggagaacceg
cgggeagegg
gcgecgaggc
ggaccgggca
tggactcgga
gctgacgage
cgacctgggt

cgecegeecgg ctocgagece
cageaccgtc goegaccgga
cgacaggttc gagaactcat
gatgtteega tgacacagtt
geggteoaceg acctgcacca
gaaccgetgg cgatcgtgte
goottgtage ageteptgeg
ggatgggacc tcgacggect
cgagagggcg ggtteotgte
ccgegtgage cgetggeaat
gocttegage gggccggcat
atcggegect cegeccaggg
ggeetectgg ccaccggtea
ggcetogaag gacctgogat
cacctggeecg tgegcteggt
teggtgatgt geacgeoees
gacggeeggt geaagecgtt
ggagtcgtec tcatcgageg
gtcatccgeg geagtgccat
gegccgteoge ageggegget
cagatcgaca tggtcgagge
caggeactge tggaaacgta
tccgtcaagt ccaacatcgg
accgtacagg cgctgegaca
ccgegegtee actggtogte
EagacEgEEC agCCcCegecy
cacgtegtee togaacagec
gaccgegteg cggcgogecg
ctgegegcte agecggppaa

tggcttccea
tccagtegge
gagccaacac
tcegacgaac
caccegtgag
gatgagetgt
tgccggteaa
ctacaaccecg
Cgacgeogacg
ggacccgeag
cggtecgeca
ctacagettg
ctegegccage
cacactcgac
tcggeageec
gatcttecate
CECCECEECE
gotggaggac
caaccaggac
gatccageag
acacgecacc
cggtgecaac
acacacccag
cgoecacetg
gEgtegegty
agcegeegte
geeegecteg
ggtacteccg
cetggtetee

gcttegcgag
caccgatgac
gacgatgctt
gaggacaagc
cagctggecg
cgettocetg
gacgtgatct
gatccggega
gagttogace
cageggetga
teggeacgeg
ctgttccaga
gtgatetecg
accgogtgct
gagtgetcca
gagttcagec
gcggacggca
geecgacgea
ggtgccagea
gegotgecee
ggeacctcge
CECCecgcge
gCgecggccy
geccaggacac
gaactgctgg
tectegtteg
2agaacccge
ctggtgatet

ccgactggte
gagctettcg
ctgacgegot
tccgegacta
cggcegagac
geggagtcag
cgtegtttoe
acagtggcac
ccgoogtgtt
tgetggagac
geageeggac
actcgeegegga
gecgegtete
cctegteeet
tegopttggt
gccagegagg
ccagetgges
acgggeacce
acggectgac
acgcccaget
tgggggatoc
accgccegct
gtetegegte
tgcacgtcga
ccgacgacca
gegtcagoge
ccctcogoeg
ccggoaagac

gaggaccteg
gteecggaca
cCggcetegg
gggcaggecg
gegoggttee
gacgtgetet

getacteget
CGCCCEacEg
tggaccggse
cceagegggt
tcgacgagge
tegetgecga

ggccaceace
attcctecgt
cgtggtooeg
cggeatggge
ctgeteccat
gggcagcgce

catgtgcece ageaccegga
aggteggece toggacacceg
ggctecgagg cgetggageg
gggcegecgeca cgacecgegtt
cggeagetct acgoggcgat
ctcgaceget ttacgaagcea
gaggcagege toctggaceg

gecccagecgg
gtgaccccgg
ggtgtectet
cagetceecg
ctecctegacg
gtgsttgecg
atcaaggcce
ctegacgeot
atctcgaccg
CgLCacecce
accaccgect
ctggogegce
CEECCELage
gtegactgac
gccttccage
tecgogacet
geggacgact
cteggegteee
cegttgctae
cgegogeteg
gtgttectea
gacgeottcg

coctgttege
actacctcge
cgotgegaga
cgggeegeoge
gegeegatgg
gagacagcga
gecaccteac
accgegagac
tcaccggeeg
gegaggeogt
acctggaact
acggeaccte
cggaggtcet
gegeogtgtt
gecagoeeggta
cgotgtteca
gegegtiget
tegeggagac
ctocgeccga
cgetggotea
ccegtegtec
catacgectc
geccggttcg gectggtgga
tgcccggtee cggecgecge
gtggtocacg ctoccogect
ccogeegggt tegaccacgg
ccgotgetgg ccegecatet
cgtegeggeg cgacgecgag
gecgaggeca cogtggtete

gegetgttoe
atcggtgagc
ctegtgaceg
ctgcaagett
gtcgoegecg
gecetegeeg
gecttecact
cteteetace
accgagatgt
gatgoogtag
gecgtectca
tecacctteg
gtgteccage
gatgggcagg
gcatcactga
gtgecgatza
gacgegotec
ggatcggecg
gattccecce
goegacgate
accgacgage
ctgotgestt
gacgecgace
gacgaaccge
acgeccgese
ctgatcacge

cctggagete
cggacactcc
cgeeaccegg
catgctegee
cctggtgtce
cgecctogee
tgtcagecac
cgecgageag
gtocgtoace
ceggttcace
cggeceegac
gggcaaggag
gaccagegee
cgeggatgte
cteggecgeag
cotgegetes
Cggcgeegce
gatcgacgee
cggcgeccag
gecttggete
gstggeegte
cgtgtggast
cetegacoce
cetggacgsc
cacccgggte
cgpaaccgteg
getegtegag cacggegtac
cggcgeccag geactgetgg
ctgcgacetg getgacceee
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geaccctgga
togctgccogo
cgegtgegcaa
ccgaagecge
tcaacagcce
gCCagecceog
cccegetgat
ACCCECCECE
CCgaaccCeEg
ccacgctcoeg
ctgccatgac
cggeggtgat
tettcecceg
tegtecaget
CCCEECTEEC
cgagoccagga
ccggecageg
cagecccgeac
ccacgeacga
gettcaccte
aataccccga
CEgcccagac
CERacgcgec
agetggegat
ccaaggacce
gcgecaccgg
gecacctget
acgagetege
aggegetgge

60180
60240
60300
60360
60420
60480
60540
60600
60660
60720
60780
60840
60900
60960
61020
61080
61140
61200
61260
61320
61380
61440
61500
61560
61620
61680
61740
61800
61860
61920
61980
62040
62100
62160
62220
62280
62340
62400
62460
62520

- 62580

62640
62700
62760
62820
62880
62940
63000
63060
63120
63180
63240
63300
63360
63420
63480
63540
63600
63660
63720
63780
63840
63900
63960




cggoctgctg
cgtcetggac
gccpaaggcg
cttcatcctg
ggCCEcgaac
tgtctegote
cgeagacctg
ggcgctotte
tetegacote
Cgageccoge
gatggcctee
cgeggeeacg
Cgaageggec
cggactggce
acacctggeg
accggecgag
gegcatgace
cctcagtgaa
gtgcttetee
cttcegegag
cctgecgace
cgeggacggt
cgecgecegg
cctgecggac
ccggcaggac
geacctgtte
gagtgagccg
atggeatgte
attcaacgac
ctgtocatgg
ctcaacgeeg
teegtetgeg
g8caaaggey
atcagccagt
acceggetec
cccaggatca
gacotogtee
gtgcogtoog
gaagtcggog
geggacaaac
aacggegace
gggcacgaga
gaccagetcg
atacggtacg
ggeggtatea
gactccacce
gtgggettcg
gagatcgegt
gaggagetga
ctgtgacgeg
cggcggetac
atgceogaag
cgccgacace
ccaccgcaaa
gttgetgaec
gaggatctcg
ccggecgage
£gcgeccage
f4:4:4:4:£: 1 (el]
gatgagcagt
ggCEagcoes
ctcegeegct
cgectgeteg
acgggtoteg

gecoaggtge
gacggegtga
gacgggecce
ttotectega
acgttectge
gectggegaa
gagegcatga
gatgccgcoa
ctgegttece
cocgtggage
tgctecgecg
gtgetgggac
ttcgactece
gtoecggeeg
geogegttgg
cocgetgageg
ctgctcagga
ctgccgcage
gccategtag
gaacgggacg
agectcgaaa
ceggtegtec
ctggaggege
gaccagttce
cggttcteca
gacggctgga
ctgeccagee
gcacagcaca
EGCaGEECCE
atctggaaac
cattgegtte
tggtgacecg
tcacgcaget
tcacceactc
geegeotggt
cggagategt
ctegtettege
tcgaceggte
aactggecga
gcgecaacce
agctetecga
ccacggtgaa
cecggtigeg
acgggecegg
ccatceegge
ggttcagega
ggcacggtat
tecgggeect
actggcgega
catggggaga
gecgacatga
cagotgggcg
accageggce
ccgoccaget
acgagactgg
cgttcgegat
gtgcgcacat
accagggtot
aaggccageg
geogeegeea
gtegtetegt
tecacgeeeg
geecoggeges
atgggeeceg

CEGCCECECE
tecegtecot
tgcacctgea
ccgooggtgt
acgogetgge
cgtgggaace
Cgaagggagg
tegettegeg
ggatcgegac
cgtetgccce
cggagegeac
atgacggtce
tgacgacget
gttacctcta
ccgagtegee
tgetetteca
gegegtocge
ccactegeet
cactcgeggg
teteggtoot
ceggtcatcga
tegtoggcee
tgggaacacs
tcgccegtga
tocgggagga
ageccaccge
cttcoggcee
gegtcgaggt
acgeegtecg
ccaacttcte
cgeegaccot
ctacgaggac
ccgegaggcg
cctecaccgag
CEECaaggcg
cgacaatcta
cctgeccatg
gtegttcage
ggecggcgga
ctgtgacgac
gacggaactc
ccteattgee
ctocgaccte
cggcatggtg
ccageaggte
CECCEAcCEg
ccaccactgc
geteaccege
cagtgtctte
geggaccgac
ggatccgacg
aatacgggac
cccgecectg
Cgageccgge
ccgccageag
cgeeeegete
ccgeeegegg
cctotgocag
aaageggtac
ccaggeccte
cggaagtgag
ggteecccag
ccgegtagse
ggtagetgtc

tcogetgace
gageccggaa
tgagetgace
ccteggcagt
ccageacceg
£aBCgECEEC
catgccaccg
gegegecetg
gaacgtaccg
aggggaggca
gggegtacte
geacgecate
ggagetgeee
cgagtaccce
gcagteegge
gcaggegtat
goteegeceg
geccegtgec
ctcgcaccag
ctacgcgecog
cacccaggtg
gtettoogec
accggeagec
ccaggaccgt
cgteagectg
gatctcegtc
cCccgecgage
geecggegat
acgetggott
tcceoggoat
gtteaacgtg
gtacgogcee
gtactgctea
cacatgctca
ttcaccgeeg
ctggacegge
ccgaccactg
cactggteca
gogatggteg
ctectcacca
gtegcgacgg
gcoggtacge
acgetgetgc
cteeggeaca
gtectgetet
ctcgacateg
atcggegece
ttceeccgace
atccgeggce
ccgtoagtgt
ggtgcttteg
ttccagggec
ctceggegac
geegtgccace
agegegattc
gacacccgeg
ggagacttce
cggtggagte
gteggteget
taccgagatc
ccggaggete
atagggcagc
gaggacatce
ggecacgtgt
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gegetgatgc
cgcptcgacg
aaggatcigg
goCcgEccage
cgggoageag
atgaccggeg
ttgteccece
gtegtgcegg
gegetgetee
gecgaggeac
ctggacctgg
gacceggage
aaccggetgg
accccgaace
gcggcgacce
gacctoggea
acctacgaca
cccgaacgtyg
tactcgeget
gggttctteg
gaaaccgtgc
ggetggeteg
gtegtectge
ttcatcggeg
tccgogatgg
ccggaactge
geegeogact
cacttcacga
ctecgacattg
acctacggaa
cegtggette
tgotegecga
acgeggegtga
acagcgaccc
geecgeataga
tgagtcecss
tgatctgega
atgtgctgst
cctatctgge
agetggtgca
cettootgct
tecactctgot
ccggogogat
cecetggagce
cgetgtocte
geogteccat
cgeteogecag
tgoggctege
cggaatcget
cggtececcte
actacctegg
ageeggecct
cagttetecg
aggtcegega
tcaaagaagt
cgaageccget
acaatgtogt
acccggtgce
tegaggacee
CCEZCLLCee
cttacgteta
agcacgegee
geetecgget
geogaggacg

acgecgegeg
ggetactgeg
acctggoceca
gcaactacge
ggotggocge
ggctgacgeg
gggacggsct
cegtactega
geggooteat
tcgeeotgeg
tccgegccga
gtegactgct
ccgaggecac
tgottgeega
gagcegacgg
aggtcaccga
ccccttcgea
ccacgetget
togectegte
ccggggaget
ggcageaggec
cccatgocge
tggacaccta
gagtettoga
gotggtatet
tegteogege
ggcggaccte
tectggagga
actgaaaggc
ccegeacceg
geggggecty
ttccaggets
cgacgagegg
acccgaccac
acagettcge
tcaggaggte
actgetcgge
gtegacegeg
acagctcate
agccaccgac
getgtecgee
ccagaacceg
cgaggagete
getogaggte
gECZEECCEC
CEEggECage
getggagege
ggteccgeeg
geeegtggte
teeecatace
cgatetgeog
ccacggtgat
gtaccgggat
Cacggcccag
gECECACCEC
cgtagaccag
agaacgacge
ggaagtcgac
ggegeaccge
gggcggatec
tctegccots
gaaggogott
gatgaccgag
ccatcggeee

64020
64080
64140
64200
64260
64320
64380
64440
64500
64560
64620
64680
64740
64800
64860
64920
64980
65040
65100
65160
65220
65280
65340
65400
65460
65520
65580
65640
65700
65760
65820
65880
65940
66000
66060
66120
66180
66240
66300
66360
66420
66480
66540
66600
66660
66720
66780
66840
66900
66960
67020
67080
67140
67200
67260
67320
67380
67440
67500
67560
67620
67680
67740
67800




ttegeccage
gtogeagate
getggeeces
ccaggageeg
caactoggta
gECcgaaggee
gattctegtg
attcggttec
cgacgatgga
ggccgagaag
gegtgaacet
cceggttgac
tceggtagaa
cggeggccty
geagegecga
Cggoogegee
ageggeggeg
cgatgaggtc
gatcacgegg
cgatcggeag
teacgatgeg
agageccgat
tgttegegee
attccccgea
geceetggac
geagecgtcca
ttcgggccea
caccgecgge
cgttegacat
cgtceggtac
atgccgtaag
tegtecttte
cgacttagtg
gtgcagagty
tggtttecece
gattggaggt
gecggeatgg
geegtotege
agettgegst
gecgagattt
tcgctcagat
tcgggegage
cctgegatet
tegtaggtes
tgtaaccget
gcgcgeacge
tactcggeca
gagtccacct
ccgatgctga
ccEcggecac
cggtecagea
acggtcageg
atccatgega
acggogecga
acgtcgcacc
gtgaggatga
tectggatat
gegtegetge
ceggatoogg
gtettgccga
tcecgeoagea
agaacggcat
agatggtegec
cegatgtgec

goggegtacg
cegtgatcga
accageggsc
geecggegga
cegtecggeg
cgttggagaa
agacctggce
atgtttgett
tteccgttee
getctcgaag
gteegacace
atagcgeoge
gatgtcetgt
tetegogosg
agegeteatg
gtegoogage
gttgaccgte
ccogatcace
cggctcgeac
CagCacCcECE
aaagecgete
gteogatette
ggatccacgg
CECCCEgtce
gtcaacaceg
gteccageage
cceetgeogt
cagcageceg
caggatgtgc
ctggteeegg
ggeaccagee
aacgtegeag
cgacggggat
gatgggttta
gacgctaccg
tcccctgaag
tcatgecgec
geagggoeag
acacgcgget
cacggttget
tggegecgac
gacgatggct
geegegecat
acgccaggte
cggcageotg
geageactge
geatccgtte
gecagggeag
ggaagtcgga
ggagatacgg
gatgagegac
E8CCECCEtE
acgtctegee
acageegttg
acgtagecge
ggctgagegt
cccogggett
geeaggtgce
cacaccagge
cgaccgtcag
gttctecocge
cgacgggeca
gttcgacgga
cccgetecca

tcegecacac
catggagtat
cgeagegete
cgacgagttc
atatcoggct
getgttegtt
cggagagcat
gegoetttee
cgegaggtga
acgatcegeg
geggeggceca
tgcatcegeg
cctgtggeca
ctogtcocge
geggecaccg
accacgaage
gtgcgactge
gaatgcegea
ccacggglce
ccectggeceg
tcceccecgg
acctocgegea
ceggtggegt
tggacetgea
ctcegeagee
ggacgaccac
gagcaggaga
tggaggctee
gagtegageg
tccageatea
agaccgetge
aacacgtaat
cgcgectcaa
tatccgtige
gtetttecct
attetttteg
ggggcggece
ctggageteg
caggtgetge
cagacccttg
gtcegoteeg
ggageegate
atggcggatg
agcgaggace
gatgagcagt
accgtecgte
cgectgctee
ttctgecgac
gagegegagg
gagccegtag
gtecttgtaa
cagecaggtg
ctcggtcage
CCageecggs
cagatccage
catgteggac
gegteecage
atcggegeag
cgecggeatg
gteogttgta
ttcctecacg
gagctcgggt
acaggegteg
ggagtegsts

cgcegacage
gaaggtgtece
cagecgecte
gggegeeccg
ccgeaaggag
getatcgcce
gagetocteee
gttgccegee
gaggggecce
goegtcatcag
CCCEELRECE
CEECCAagEce
tcgoocacge
¢caccaacce
acatgecgtg
cctteggeca
tetegategg
gtcteegegge
cggteagest
goetggtegte
ccgeegeges
cggcggecag
ccaccacgaa
ccceggteac
tgatgeggtc
aggtgaccat
cgageceget
cgggeaccag
totgtegegt
ctacctegte
cgagaactat
taatacgceg
tactcctegs
cgttogatga
cteeggggte
gtaatcgcta
tgcacccagg
agaggcaact
tccacegtge
geecgecagte
cggaattcga
ggctoggacg
gcgteggoac
ttegeccagtt
cgtgtcogtt
gocgegeota
cgatcgttga
ggagccagac
teggeceggt
acactccgga
cgteccatet
ctggacggtt
ttgecctgte
ataccccgea
cggecgacee
agecgeceteg
tocttgatee
tcotttocge
ccggteateg
ctgegaagac
cggeccagge
ccoggteceo
acgegecace
gaggcgtcat
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aaggegacca
tecgeegege
cegcatctece
tcgtecageg
geetecgeeg
cgtaccgtge
gtggacaget
geegagotac
ggtgagegec
ccggetoage
gtegectecg
CBECCECCEE
attgttgacg
gtcgeteoge
ccecgtacace
gteggooagt
cccgategge
gaacgccacg
gacgatccac
ctoogggtee
gtaccggegg
acCgagCgce
gtocgegtee
ccgggtagca
gtottecagg
gaactgggcg
gegtacctcg
cgagtegateg
geeotttote
cacgaacttc
tgegogattc
aattcaagec
cceccteggt
gatcgecaag
atcgcctteg
tggegocgce
tectgteocee
cctecoggeg
tcatogtgat
cggcaacteg
gecgoogagga
ggaccteege
goctgeccac
gcageeggte
cgeeeggete
tgccggeogt
geecggageea
ccecagegote
tgacggccag
acagegecte
cggtgtagac
cggegagece
tcagecgegat
cgptogegtt
gegtgagega
tcecgcageag
aagtggccag
acagaccgtc
gegggaagaa
cgegeagget
tgaccagcag
gotcoccgca
tgacgagtge
gggecagttc

cgetgegsce
cgcgeageag
ggtegagete
ggtgcageac
ccacggacga
acagcgcecat
cacgtegggt
teeggcgage
ggeegegtag
ggggccgaca
gtottggtea
ccactcacat
gegeoegega
aggacgtcgc
ggettcagge
tectegtagt
toggegttcg
aagccttcecg
tgteegtect
ggeageacgt
gtgacgtagg
tggagecagg
agecegagee
tegecgtega
acgaggcece
ccgggeatee
gtecggtacy
gtocgtegcge
acttcogege
gcgageacgg
accatatcca
gtgatttcte
ctecoogtge
gaaaacaatg
tegtgcoptt
caggectgcg
gtcteeteat
getgatgteg
gaacaacttg
gcgcteggac
catgccacce
actgcaatcg
goccagttce
cccggtetee
ggcgaacate
cgegetgteg
gecatgggcg
cgcgagecgs
gecgtagteg
gggaaccggg
agtcatcagg
gtocagggac
atcggetege
cttcaggaaa
gttcagcteg
tttctccgag
cgececcage
cgccagageg
ccacageeac
gegeegtace
ttggatcage
gtagecgtog
ccgetteagg
gaggtacgeg

67860
67920
67980
68040
68100
68160
68220
68280
68340
68400
68460
68520
68580
68640
68700
68760
68820
68880
68940
69000
69060
69120
69180
69240
69300
69360
69420
69480
69540
69600
69660
69720
69780
69840
69900
69960
10020
70080
10140
70200
70260
70320
70380
70440
10500
10560
70620
70680
70740
10800
70860
70920
70080
71040
71100
71160
71220
71280
71340
71400
71460
71520
71580
71640




ccggectgtt cegegtegte cgagtocaac gectoctoge cggegteccg cagggotece 71700
acatgccagg gttecgtege cgagocoget tcgageaggt gecggpceat cgtacggety 1760
cegacgecgt gocgacteag cagtteogeg goccggtege goagttegge gepctgctte 71820
gggecgatga tgttecagget cgegegetog accaaggggt gotpgaaace gtagecgtog 71880
accagtccgg cogageccaa cgeaaggata ccgegegoga totegegcgge gttoageces 71940
agcagetoct cocaacagttc cggectggag tcctegecca ggaccgegat gecggtegeg 72000
agggacacca ccgegegete gttgocctge acgcagttga cogegeectg cgcgaagagg 72060
cogteggogg caggecacgg ggeggttigy cetgeggegt tpeggacceg gtgttcttee 72120
aacagcgoce goacgageag ggggttgecg cegotcagee ggaacacgtc gtccaggaag 72180
stgtcctocg coggocgece ctecagggeg cogaccaggt cgacgacatg gtocegegte 12240
attgggcgea gogegatecg gtggagattg ggctgecgca gpagetcgca gtggaactce 72300
ggceccgagtg atgtgoggag tgectgtacg acgatcagea tcagectgot ggaccggage 72360
ctggecegty tggoctocag cagocagege cagotcagge tategagate ctgtaggtog 12420
tcgaggeaga cgaccacegg tgaccggicg gecagggect cgagtoggee goagaactce 72480
acgaactegg cegtttgtgc cgaactcatc gagetcatee tpgpaacatt gtogaatcca 12540
aggtegeggg cegttcaccac gaccgetceg gaggecttea catgetcgee gaaatttace 72600
agtaattcge ttttcccgca gtaggecaccg coctccaata ccacggtoac ageottgece 12660
atctegeatt cgacaagcaa ggatttcagt agatcaagtt ccgagtccog cccgaagaga 72720
tgcatccgaa ttgaatcece aatctccace acgaaatgag tgecacgatc gactcoggtt 12180
geaaatcgge cogecoggeg ggttegttgc catacggttc gectegetog tggoegaate 12840
taagegetgt cacgeggcga ttggggcact acaccgggea agtaagegge aactcaggea 12900
ggtgacgtge cgeeeggete gactzgacge cogggttgca gaacaccoge cgaatgtgge 72960
cggaggactc gottttceag aagacgocct getgtogece gagecocgegg ttgageectt 73020
ccggecactt ctggecggeg coogaatogt cacgaccgaa aceggtocge accaggatce 73080
atccgagacc cagecgeget goacgatcgg geggagtgaa cgtetecete gactccaace 73140
gcocogocgca cogttcaage caccgagtcc gtgggetoge tcagecgett gatcageace 13200
tcccgeacaa agggggacgt cacgeggace geteggttac toectgotege cogteaggac 73260
ggacaggeag tgcoggagtt ccccggecte cgacggeoge catgggattc gacgacaagg 13320
agegoccate cccgectege gggoogacge tgacceggea ccagatotgg ctgpagatca 73380
tccagagege actegacegt goaccggotc ctacggegeg gogetgacac gotacgtgca 73440
caccgaaggc gtcacggtca togaggtcaa ccagecggac taggecaccc gocgecgacg 73500
cgecaagace gacgctcgac goggcgocge cgoccaageg gtgctgtocg gecgegeccac 73560
cgecaacgee aagaccggeg goagagacaa ccctgaacgg atggtcageg aggcatcott 13620
ceccgeacte ggeggegtea geocgetgga gtoatcctea gecaggacee aacgccgeag 73680
gttcaaccge ggeggegace gecaagccaa cggtgegacg tecacatgtcg ggaacaccee 13740
geegteagee acgtactgac ggaggetcag gggccgaage cactggttet ggcteccgza 73800
aacgatgtga gogtgecoog getcaggttc tagatcogge cacctgogtt gteacctgeg 13860
ggagttgteg ggcactccca togcggegaa caacgegtec gecgeaccac gtacatcoga 73920
tgctcgeatc geogecgagag cotgagegge ctgggocata cacgecacgc actcgactgg 73980
gtgagetgea aggegegote cgogtegtee gtggocteoeg tcggacgece gagacgetza 74040
aggacgtcga ccgaacgtog cgagggecag cgegacgttg coccggatee cgcgictegt 14100
cgcacaactg ccgggccgta acccgetott ggaccaccge atggtagege cttgeccggge 74160
tccaggggag gagteptege cacgcgetet tggattgece cgegatgetg attotggtac 74220
ctcgacccaa cottcgageg gatccaggac gttgaacctc agetgotect tegtgtegtc 74280
cgotgtcaag cooctotgca cgtgacgtge atgaaatctt ccgatgeoage gtgcgtttza ;3328
ac

<210> 2

<211> 3793

<212> DNA

<213> Streptomyces sp

<2205
<221> GDS
<222> (1322).. (2548)

<220>
<221> CDS
€222> (2564).. (2761)

<400> 2
ctgcageteg acgtgogggt cggacttcac gttgaagtac cagaccggat gettgggcge 60
accgeccage gaggcgaccg ccgogtaact cocctegtge tegacccgea tcageggegt 120
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citgegeate tttecgetee
gtecegoage gtggtgccct
cacccactge gtegggetee
cgteggtecy seggatgete
gtaccgeatg ceccettegee
ccgegageac caggatcacg
ccgtcaggge gegacccage
acgogecgaa geceeceges
cgecgotgoe gagcaccage
tcccgagaag gecgagataa
tgagcegatg ggogeggtac
cgaggaccag Cgccgaggce
gggegecece geceacggte
gegeegeega ggegeegets
Cgaccgegce gacgggcace
ccgtoacgge cgtgcgegac
ccgoggggec gatgecages
cctggggccg cogegecege
ctogotettc ggecacttea
getgcctoee geatctaatg
¢ atg acg gaa ctg acg

Me} Thr Glu Leu Thg

cce gte
Pro Val

gga tac
Gly Tyr

44
Gly

cog
Pro

35
cgt
Arg

tte
Phe

gac
Asp

g&c
Gly

50
ctc
Leu

ctg
Leu

65
cee
Pro

gcg
Ala

tte
Phe

80
£C8
Ala

gcg
Ala

tee
Ser

gtg
Val

cte
Leu

ctg
Leu

ggc
Gly

100
atc
Ile

teg
Ser
115
acc
Thr

atg
Met

ceg
Pro

atc
Ile

cag
Gin

[11:4:4
Arg
130
CCE gCc gag
Pro Ala Glu
145

atec tge
I1e Cys

ccg
Pro

gte
Val
160
gag
Glu

ggc
Gly

tee
Ser

gaa cag
Glu GIn

180
caa
GlIn

geg gcg
Gly Ala

cge
Arg
195
cgg
Arg

gac aag gag
Asp Lys Glu
210

gtc cac cag cg

ECECECCCCE
tggtgecece
gctegtacte
ctccggacgg
cgagegeggte
gegetggaga
agegegeeee
gegaacaccg
geeacgaagt agaccacegt
geeocotgeeg cgoctggaac
tgecgoaggg cgagcagege
cagcgeageg ggtccageac
gegageageg cgtacagece
cgeagegagg tgcgegcest
gegatgecet acccggcgag
tggttoctoc gegracgece
ggogtoggca ggaggsagsc
accggraaat gaattacgge
ccgegtacgg cgatetggee
aagatcgeca cgacgcacct

getegtgage
ggaactcteg
gecctcaagt
teccaactee
atcaccgttc
goagggeegt
cgeeogecag
ccegtttcag

acgatgaccg
tacagctcga
ggcaagggat
CECELCCECC
cggccatecg
£4aCCALCCEC
cagtagctge
cggecetgee
catgggattg
cggocgttce
CECCCECAgC
CEZCCECasCc
gteggeestg
gagggagacc
caggeeegeg
gegotgotet
tgtaggagsc
gogttecage
gaacttgctg
cttogtetee

geagocoggt
cetgctogeg
cegtctoctt
cggateatee
gtogtocgea
ceccgetgec
cagetegcgg
gecaccgeces
ageaggetea
gegogesteg
gecgageaccg
tgtgocecga
gegacgecega
agataggtcc
agcagcecge
CEECCCEECa
atgggecgat
CCCCgECCEg
tcgececata
gaggtettte

ctg cge
Leu Arg Asp Gly Azg Ser

gag gtc
Glu Val

gac ccc
Asp Pro

acg gee
Thr Ala
85

gtg gac
Val Asp Asp Pro Val Tég

tte acc
Phe Thr

gtec gac
Val Asp

ctg gte
Leu Val

ctg ctc gge
Leu Leu

165
cgc acg
Arg Thr

gag cgg
Glu Arg

cag gce
GIn Ala

gac atc acc ggc ccg ggg acc cog goc gaa

Asp lle Thr Gly Prg Gly Thr Pro Ala Glu

gea tte coc cag gac cge ace tge
Ala Phe PES GIn

Asp Arg Thr Cys

25
gac ggg Cgc agc
tgg atg gtc acg
Trp Mgg Val Thr

cgg ctg toec ace
A;g Leu Ser Thr

cge ttc gcg gee
Arg Phe Ala Ala

gac ccg gtc cac

ctc aag cgc gog
Leu Lys Arg Ala
120
ggg ctg ctg gac g
Gly Leu Leu Asp
135

tee gee tte goc
Ser Ala Phe Ala
150

gtg ccg tac
Gly Val Pro Tyr

ctg ctg cge gt

Leu Leu Arg Gly

185

Leu Glu Glu Tyr
200

gaa ccC £EC gac
Glu Pro Gly Asp
215

acc ggc gag ctg

ctc gag gag tac

cee
Pro

ctg
Leu

gec
Gly

gac
Asp

gte
Val

90
cag
GIn

gce
Ala

gcg
Ala

ctg
Leu

gee
Ala
170
cce
Pro

cto
Leu

ggc
Gly

gac

15
tac cac ccc coc ace
Tyr His Pro Pro Thr

30
tce cge gtc ace cte
Ser Arg Vié Thr Leu

cac gCC act gec GEG
His Aég Thr Ala Arg

cge acc ctc cog gge
A;g Thr Leu Pro Gly

cge gac cgg cgg gtg
Arg Asp Arg Arg Val
95

ace cag cgg cgg atg
Thr GIn Arg ?;g Met

ctg cgg ccc ace
Leu Arg Pro Thr
125

ggg
Gly

atg
Met

atc gag aag geg
Ile Glu Lys Gly
140

cce
Pro
155
gac
Asp

gtg cocc tog atg
Val Pro Ser Net

cac gag ttc tte

His Glu Phe Phe

175

gocc geo gac teg

Ala Ala Asp Ser
190

acg
Thr

ggc ggg ctg atc gac
Gly Gly Leu Ite Asp
205

gte
Val

ctg gac gac ctc
Leu Asp Asp Leu
220

cga cgc gac gig gtg

ctg ¢
Val His GlIn Arg Leu Arg Thr Gly Glu Leu Asp Arg Arg Asp Val Val
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1510

1558

1606

1654

1702

1750

1798

1846

1894

1942

1990

2038




ctg
Leu
320
cce
Pro

ggt
Gly

ctg
Leu

ctg
Leu

cag
Gin
400
atc
lle

gce
Ala

cte
Leu

gce
Ala
460

225
ctg
Leu

atc
Ile

gag
Glu

atg
Met

gac
Asp
305
tte
Phe

gac
Asp

tte
Phe

gag
Glu

gCC
Ala
385
[:4:43
Gly

gac
Asp

gee
Ala

cee
Pro
44

cge
Arg

230
gee gte atc otg cte gtg
Ala Val lle 5:; Leu Val

tee cte ggc acc tac acg
Ser Leu gég Thr Tyr Thr

ctg cgc gec gac cog geg
Leu Q;E Ala Asp Pro Ala

cgg atg ctc teg atec geg
Arg Met Leu Ser lle Ala
290 295

atc gag atc gcc gec gee
Ile Glu Ile Ala glg Ala
1

tee ace tcg ctg atc aac
Ser Thr Ser Leu |le Asn
325

acc ctg gac ttc cac cge
Thr Leu éig Phe His Arg

ggc atc cac cag tge cotg
Gly éég His Gin Cys Leu

atc geco otg ggc acg ctc
Ile Ala Leu Gly Thr Leu
370 375
gCg ccc goc gag gag atc
Ala Pro Ala Glu Glu |le
390
atg ctg gaa ctc ccc gtg
Met Leu Glu Leu Pro Val
405
atc gac aag gac cgc tge
lle ﬁ?g Lys Asp Arg Cys

ccg ggc gtg ttc acc cag
Pro Gly Val Phe Thr Gln
430 435

gEC CEC gag gac EBC ggg
Gly Arg Giu Asp gég Gly

gec tge cog gtg age goo

gcc gee
Ala Gly

ctg ctg
Leu Leu

26
ctg ctg
Leu Leu
280

gac gEg
Asp Gly

acg atc
Thr lle

cgc gac
Arg Asp

tce ace
Ser Thr

345
ggc cag
Gly GIn
360

ctg gag
Leu Glu

ceg tte
Pro Phe

acc tgg
Thr Trp

atc gge
lie Gly
420

gac gac
Asp Asp

gEC gac
Gly Asp

atc cgg

235
cac gag acg acc goC aac
His Glu Thr Thr Afa Asn
250 255
cgg cac ccc gge cgg ctg
Arg His Pro Gly é;g Leu

CCG gCC gec gtg gag gag
Pro Ala Ala ggé Glu Glu

ctg ctg cge ctg gee ctg
Leu Leu grg Leu Ala Leu
Q

CEg gcc ggc gag gegc gte
Arg glg Gly Glu Gly Val
1

g

G

gag tcc gtg ttc gac gac
Glu Ser Val Phe Asp Asp
330 335
cge cac cac gtg geo tte
Arg His His Val éég Phe

aac cta gcc cge goc gag
Asn Leu Ala égg Ala Glu

cgg ctc cocc gegc ctec cgg
Arg Leu Pro Gly Leu Arg
380
daa CcC ggc gac acg atc
Lys Pro Gly Asp Thr lle
395

taa gaggctctge tc ate cac
Met His
410

goc pgc cag tge gog ctg

Ala Gly GIn Egg Ala Leu

gac gec tac age acc ctg
Asp Gly Tyr Ser Thr Leu
440

ccg atg gtc cgg gag gog
Pro ﬂgg Val Arg Glu Ala

gtg acc gaa ccg goc gec

Ala Cys Pro Val Ser Ala |le Arg Val Thr Glu Pro Ala Gly
465 470 475

tga ggogeggcce gecggccecg goccgetgce gegaccgece ttococagtte agtagg

gtegtgcgat gacctcacag gccgggaage ccttccteta cgtegtegte tgcgcgecee
geaccgccge cggagtcace acgetgatog gegeogecca ggogeggeege teggaggteg
gegtectgge cacgecggty gogatggecg gettcttoga cacgectecg eicgaggaga
teacgggecg goccatooge teggoctgge gotesccgge cgateogege cogttocese
cgecgggege cgtagteste gegeecgeca
gtetogecga cacgotogee gtoggoacge
tegecgtoct gocetgogte gogracgcec
ttetecggct gegtgggatg sgegtecget
d8EacEECcEa ggcggacgec goacggcceg
tggageggge ctgaaccege tocccogacee
cctaacggca ggteagegee ggeccggeca
geggeageca gtageoccage ctggagacca
ggaccttcac cgtoteggea cggecggget
acgcgageeg getettegag gtaccggocg

ccticaacac cgtcaacaag tgggeggceg
tctgegagee ggogggectc ggogtgccga
tggccpecca ceccgogtac cgggaggace
tecggegagee gtacgeegge cogocggeee
gettegeetg ggagaacgee ctggacctge
gtagggcctg tetgacactg tcagacagge
geatgecgee ggtgtagagg toctggcoee
ccgtggagea gtcaggocoeg acggtgacec
geagegeggt cagogegeag tccagggagt
accagecgggt tgacgcageg ggegtegtee
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2326

2374

2422

2470

2518

2569

2617

2665

213

2761




gtggegatee geaccocggt geeegeccog cogatgagte cgagecggge gotecogteg
ccctogtege tgteccggee gaccgtgtag gteagestes tegteecgtc gegececagg

gtgtoeggte gac

210> 3

211> 2329

<212> DNA

<213> Streptomyces sp.

<220>
<221> (DS
<222> (420).. (1604)

220>
<221> CDS
<222> (1643).. (1834)

<400> 3

ggatccacgg gtesccgoeg cgotegeccg
cgegetette geggoectgg gottececga
gtacaccgee taccteggee acacccaget
cgaggeggea cacgaccget atctggatgg
cggaggegat gaagecgaac atgtcacaat
acatgecegg tatccgegge atgaggtgag
cgttgecatc tcacacacga gcaactegag

gtg acc gaa
Va{ Thr Glu

CCE ¢CC gee
Pro Pro Ala

gee tat
Ala Tyr
20

tac gac
Tyr Asp

gtc acg ttec
Val Thr Phe

35
gag goa cgg gog ctg
Glu Aég Arg Ala Leu

aac ccg gce
Asn Pro Ala
65
gtc cgg acg ccg ctg
Val Arg Thr Pro Leu

85
cge cgg atg ctg atc
Arg Arg Met Leu lle
100
atc
lle

ttc ceg
Phe Pro

Cgg Ccg gag
Arg Pro Glu
15

cag
Gln

gat cag ggc
Asp GIn Gly

130
CCE tcg atg
Pro Ser Met
145

CCg CCC
Pro Pro

ate
Ile

gtg
Val

gag ttc ttc gag gag
Glu Phe Phe Glu Glu

165
gag gag gcg gag gac
Glu Glu Ala ?ég Asp

ctg atc geo gee aag

cag cca ctg cge
Gin Pro Leu Arg
25

BBE BCC
Gly Ala

tgg geg
Trp Ata

BBC cgg aag gtg

Gly Arg Lys Val
40

ctg acc gac cag

Leu ng Asp GlIn

cga cte
Arg Leu

gtc coc tte gaa
Vgé Pro Phe Glu

cge tto
Arg Phe

75
atc ggg gtc gac
Ile Gly Val Asp

gac
Asp

90
cte
Leu

GCg
Pro

cce
Pro

age ttc age
Ser Phe Ser

105
cgg atc gtc gac ggg ctg
Arg lle ¥g$ Asp Gly Leu

aag
Lys

tce
Ser

ace
Thr

gag ctg gtc
Glu Leu Val
135

tge gea ctg ctc gea
?gg Ala Leu Leu Gly

gcg
Ala

gtc
Val
155
ctg
Leu

atc
Ile
170
ctg gag
Leu Glu

tce cge cge
Ser Arg Arg

gag
Glu

gce cgg ctg aag
Ala Arg Leu Lys

185
gag aag aac ¢Cg gec gac
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2ge
Gly

gto
Val

tce
Ser

60
gCE
Ala

gag
Glu

(+1:4:4
Arg

cte
Leu

tte
Phe
140
tca
Ser

cgc
Arg

gag
Glu

888

gee atc coc tac ttt cag aac cge acc tgt cee
Ala Ilg Pro Tyr Phe GIn A?S Arg Thr Cys Pro

ccg otg
Pro Leu
30
acc ggc
Thr Gly
45
gce gac
Ala Asp

gee ate
Ala lle

cac aac
His Asn

acc gcc
Thr Ala
10

gac Cgg
?sp Arg

gee ctg
Ala Leu

tac gce
Tyr Ala

g8C GEE
Gly Arg

tac ttc
Tyr Phe
190

ctg ctg

getgacegac cgpegtateg gotatgtoge
gggcgaggeg cgggaccgee goeotgotgec
cggacatgee gtocgacaga gectgcegge
cgtgatcgac accetegtac ggccecgega
ctgaacgage ttggcegaac tgogegeaga
atcggegoge cgaaacacgg tgegocacag
ccacttgaga ctogtacggg aggaaattc

tac cac
Tyr His
15

age cat
Ser His

€ac Cee
His Pro

cgg cag
Arg Gin

CgC cgg
Arg Arg

80
acc cag
Thr GIn

95

gea ctg
Ala Leu

atg cotg
Met Leu

ccg gte
Pro Val

gac cat
Asp His
160
tcg goe
Ser Ala
175
acc geg
Thr Gly

gac gag

3720
3780
3793

516

563

611

659

707

755

803

851

899

947

995

1043




Leu Ile Ala Ala Lys Glu Lys Asn Pro Gly Asp Gly Leu Leu Asp Glu
195 200 205

ctg atc gag gac cgg ctg cgg acc

ggc gog ctc acc cge gac gag ctg
Leu Ile Glu Asp Arg Leu Arg Thr Gly
210 215

Ala Leu Thr Arg Asp Glu Leu
220

gtc cgg ctc geo atg atc otg ctg gtg gec ggc cat gag acc acce gee
Val Arg Leu Ala Met lle Leu Leu Val Ala Gly His Glu Thr Thr Ala
225 230 235 240
aac atg atc tcg cte gge acc ttec acc ctg ctg gac cac cee gag cag
Asn Met 1le Ser Leu Gly Thr Phe Thr Leu Leu Asp His Pro Glu Gin
245 250 255

ctg geg cag ctc aag gec gac gag gec ctg atg cog gec gee atc gag
Leu Ala GIn Leu Lys Ala Asp Glu Gly Leu Met Pro Ala Ala e Glu
260 265 270

gag ctg ctg cga ttc ctg tee atc geg zac gec ctz ctz cgg gte geg
Glu Leu Leu Arg Phe Leu Ser Ile Ala Asp Gly Leu Leu Arg Val Ala

275 280 285
acg gag gac atc gag atc gec ggt cag gtg atc cgg gec gac gac gog
Thr Glu Asp Ile Glu Ile Gly Gly GIn Val Ile Arg Ala Asp Asp Ala
290 295 300

gtc ctg ttc coc goc tea ctg atc aac cgg gac gag goc goe tat ccg
Val Leu Phe Pro Ala Ser Leu Ile Asn Arg Asp Glu Ala Ala Tyr Pro
305 310 315 320
gca ccc gac gag ctg gac ctc ggc cgt teg goe cge cat cac gtg gcg
Ala Pro Asp Glu Leu Asp Leu Gly Arg Ser Ala Arg His His Val Ala
325 330 335
tec gge tte geg ate cac cag tge otg ggg cag aac ctc gec cge gee
Ser Gly Phe Gly Ile His Gin Cys Leu Gly GIn Asn Leu Ala Arg Ala
340 345 350

gag atg gag atc gog cteg cec tca ctg tic acc agg atc ccg cag ctg
Glu Met Glu Ile Ala Leu Arg Ser Leu Phe Thr Arg Ile Pro GIn Leu
355 360 365

cgg ctc goo gty cog gcc goe gag att cog ttc aag gac gga gac ace
Arg %gg Ala Val Pro Ala g;g Glu lle Pro Phe %gg Asp Gly Asp Thr

ctg caa gge atg atc gaa ctg cog ctg goc tgg tag cagecaggac ggcaga

Leu GIn Gly Met |le Glu Leu Pro Leu Ala Trp

385 390 395

ccaaagaaag geggtccgga atg cge atc gog atc gac acc gac cge tet ate
Met Arg lle Ala 168 Asp Thr Asp Arg gég lle

gEC gCC gEe cag tgt goc ctg acc gog cec geg ggt ttc acc cag gat

t
Gly Ala Gly g{g Cys Ala Leu Thr 2{2 Pra Gly Gly Phe Thr Gin Asp

420

gac gac ggt ttc agt gca cte ctg ccec ggc cge gag gac ggc goc ggc
Asp Asp 2;% Phe Ser Ala Leu hgg Pro Gly Arg Glu ﬁgg Gly Ata Gly

gac cog ctg gtg cgg gaa gec goc CBC gee tge coc gtg cag goc att
Asp 528 Leu Val Arg Glu ﬁlg Ala Arg Ala Cys
4

Pro Val GIn Ala [le
450

gog gte acc gac gat tag cagcacccec goggacgace ¢gEcagacEc gZCgeggec

Ala Val Thr Asp Asp
455

cocggotgaca ceeggogece
ggcatccace ccatccgeta
getgtgeceg gggegtacty
cgtegteget cecggcgate
tgcecggcag ttccacggtyg
acaggtgcac cagegtcttc
ccagottgte cgecgoatee
tcagegtcac cotegaegeg

Q210> 4

£agecgegee
ccgeaacace
gtgaccgtca
acgaagcgce
aaccgecgge
ctgeegttcg
geggaccegot
cccaccacgt

cgageegtee
ccttgggtga
ccggcttcac
gteggtgcce
ccacatcggg
gegegacate
gGECCCEcee
cgac
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geccctoocac ttgtccctac
cgggcagttt cgaggaccee
gecpcgattg cccacatagg
cggetogtaa cggtgcacga
cacccgggec ggggccacca
gtagagettg gcgaacagea
ggectgegge gaggcaacet

1091

1139

1187

1235

1283

1331

1379

14217

1475

1523

1571

1623

1675

1723

1M

1819

1875

1935
1995
2055
2115
2175
2235
2295
2329




211> 1860

<212> DNA
<213> A-1560 strain
<220>
<221> CDS
<222> (172).. (1383)
<2207
<221> (DS
<222> (1399).. (1593)
<400> 4
cgeggategt aceccgtace gtitcggggc aaccgaatta cgatgeggaa tggateggtte 60
ccagecagat ccegeaggta gocgatetge cogaacttga tgteogtgcac tegatgectc 120
gegcatctaa tgaagatogg cacgacecat cottegtete cgaggtetee ¢ atg aca 177
Me? Thr
gac acg aca gac ctg acc gag ctg tea gat coe gtc toc ttc ccc cag 225
Asp Thr Thg Asp Leu Thr Glu L?g Ser Asp Pro Val S?g Phe Pro GIn
gaC Cgg age tgc ccc tac cac cog cec ace ggg tac gac cog otg cge 213
Asp Arg Ser Cys Pro Tyr His Pro Pro Thr Gly Tyr Asp Pro Leu Arg
20 25 30
4cc gaa Cgg Ccg C0C £CC Cgc atc cgg ctc tac gac gec cgc cce goc 3
Thr Glu Arg Pro Pro Ala Arg Ile Arg Leu Tyr Asp Gly Arg Pro Ala
35 40 45 50
tgg cte gte acc gge cac gec gtc goc cgt gac ctg ctg gtc gac ccc 369
Trp Leu Val Thr Gég His Afa Yal Ala Agg Asp Leu Leu Val Agg Pro
cgc ctg tec acg gac cgc acc ¢ge tog gEc tte cog goc aca act coc 417
Arg Leu Ser T?B Asp Arg Thr Arg S%E Gly Phe Pro Ala TEB Thr Pro
cge ttc goo gog gte cgec gac cgc aag cog gog cte cte ggc gte gac 465
Arg Phe Ala Ala Val Arg Asp Arg Lys Pro Ala Leu Leu Gly Val Asp
85 90 95
gac CCC aag cac cge acc cag cgg tgg atg atg ate cocg age ttc ace 513
Asp Pro Lys His Arg Thr Gin Arg Trp Met Met {le Pro Ser Phe Thr
100 105 110
ctc agg cgc gee ace gag ctc ageg cog cac atc cag gag atc gtc gac 561
Leu Arg Arg Ala Thr Glu Leu Arg Pro Arg Ile GIn Glu Ile Val Asp
115 120 125 130
gaa ctg ctg gac gtg atg atc gcc cag gea coc cog gee gac ctg gtg 609
Glu Leu Leu Asp Val Met Ite Ala Gin Gly Pro Pro Ala Asp Leu Val
135 140 145
cgt tee tte gog ctg cog gtg cog tec atg gtg atc tge gee otg cte 657
Arg Ser Phe Ala Leu Pro Val Pro Ser Met Val Ile Cys Ala Leu Leu
150 155 160
gec gty coc tac goc gac cac gag ttc ttc gag gac cag tcc agg cgg 705
Gly Val Pro Tyr Ala Asp His Glu Phe Phe Glu Asp GIn Ser Arg Arg
165 170 175
ctg ctg cgc gga ccg gog BCC gag gac acg cag gac ECC CZE gac CEE 753
Leu Leu Arg Gly Pro Ala Ala Glu Asp Thr GIn Asp Ala Arg Asp Arg
180 185 190
ctc goe geg tac ctg gag gac otg atc gac gag aag GgE CEC CEg oce 81
Leu Ala Ala Tyr Leu Glu Asp Leu Ife Asp Glu Lys Arg Arg Arg Pro
195 200 205 210
get gac gge ctg ctg gac gaa cte gtc cag cag cgt ctg aac gaa ggc 849
Gly Asp Gly Leu Leu Asp Glu Leu Val GIn GIn Arg Leu Asn Glu Gly
215 220 225
gag ctc gac cgg gag gaa ctg acc gog ctg geg atg atc ctg ctg gte 897
Giu Leu Asp Arg Glu Glu Leu Thr Ala Leu Ala Met Ile Leu Leu Val
230 235 240
8CE EEC Gac gag acc acc gec aac atg atc tec ctg gec acc tac acg 945
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Ala Gly His
245

cte ctg ctg

Leu Leu Leu
260

ctg ctg ccg

Leu Leu Pro

275

gac gga ctg
Asp Gly Leu

acc atc agg
Thr lle Arg

cgc gac gag
Arg Asp Glu
325
tcg acc cge
Ser Thr Arg
340
ggc cag aac
Giy GIn Asn
358

ctc gaa cgg
Leu Glu Arg

cce tic aaa
Pro Phe Lys

age tgg taa
Ser Trp

atc ggc goo
Ile Gly Ala

gac gac gac
Asp Asp Asp
415

g8c gac ceg
Gly Asp Pro

atc acg ctg
Ile Thr Leu
465

Glu Thr Thr Ala Asn Met ile Ser Leu Gly Thr Tyr Thr
250 255

tac ccc gaa cgg ctg acc gag cteg cac gec gac coc gog
His Pro Glu ggg Leu Thr Glu Leu 958 Ala Asp Pro Ala

gec goe gtc gag gaa ctg atg cgg atg ctg toc atc gog

Ala Ala Val Glu Glu Leu Met Arg Met Leu Ser lie Ala

280 285 290

otz cgg cag goc acc gag gac atc gag atc gcc ggg ace

Leu Arg GIn Ala Thr Glu Asp lle Glu Ile Ala Gly Thr
295 300 305

gcc geg gac gge gig gte tte toc ace tet gtc atc aac
Ala Gly Asp Gly Val Val Phe Ser Thr Ser Val lle Asn
310 315 320

gac gtc tac ccg goe coc gac acc ctc gac ttc cac cge
Asp Val Tyr Pro élg Pro Asp Thr Leu ggg Phe His Arg
3

cac cac gtc goc tic get tto gea atc cac cag tge otc
His His Val Alg Phe Gly Phe Gly éée His GIn Cys Leu
34 0

ctc gec cgc acc gaa ctg gag atc goc ctg cge acg ctc
Leu Ata Arg Thr Glu Leu Glu lle Ala Leu Arg Thr Leu

360 365 370
ctg ccc acg ctc cgg cte goc goe oea cog gag gaa atc
Leu Pro Thr Leu Arg Leu Ala Ala Pro Pro Glu Glu [le

375 380 85

ccc ggc gac acc atc cag ggg atg otg gaa ctc cec gte
Pro Gly Asp Thr lle GIn Gly Met Leu Glu Leu Pro Val
390 395 400

gaggetgeeg te atg cat atc gag atc gac aag gac czc tgc
%gg His lle Glu |le 2?8 Lys Asp Arg Cys

gga cag tgc gcc ctg acc goo cog get gtg tte acc cag
Gly Gln Cys Ala Leu Thr Ala Pro Gly Val Phe Thr G!n
420 425 430

gee tte agt gac ctg tte ccc gge cge gag gac ggc gee
Gly Phe Ser Asp Leu Leu Pro Gly Arg Glu Asp Gly Ala
435 440 445

atg gtc ceg gag gec goc age gec tge coo gtg agt gcc
Met Val Arg Glu Ala Ala Arg Ala Cys Pro Val Ser Ala
450 455 460

tec gag gac geg tag gEEECCEAgC CEGECCECCC gocgetccgc
Ser Glu Asp Gly

tgecgeggeg cogtaccgac geggeggcce gecggeecgt coggtgeccg tegegtegee
cogtggecce gecgaeggct gattgactag ggtteccese tgagegaaca ggcccagaag
CCCtCCEEES CECCECCCEC gaaagacace gggacggege cogggaaace cotteocteta
cgtegtogte tgegecgecg geatcgeega aggegteage aagotgatca coge

210> 5

<211> 23

<212> DNA

213 Artificial

<220>
<223> STRANDNESS

<220>
<223> TOPOLOGY :

<220>

Sequence

. single

linear

<223> Description of Artificial Sequence : KS-3F Primer
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993

1041

1089

137

1185

1233

1281

1329

1377

1428

1476

1524

1572

1626

1686
1746
1806
1860




<400> 5

gaccgcggct gggacgteea ggg 23
<2105 6
211> 24
<212> DNA
<A Artificial Sequence
<220
<223> STRANDNESS : single
<220>
<223> TOPOLOGY : Vinear
220>
<223> Description of Artificial Sequence : KS-4R Primer
<400> 6

gtaccegate ttggacttea acga 24
Q1> 7
211> 21
<212> DNA
<213> Artificial Sequence
<220>
€223> STRANDNESS : single
220>
<223> TOPOLOGY : |inear
<220>
<223> Description of Artificial Sequence : CB-IF Primer
<400> 7

atgacagett tgaatctgat sgatcce 27
<210> 8
<211> 30
<212> DNA
213> Artificial Sequence
<220>
<223> STRANDNESS : single
<200
<223> TOPOLOGY : Iinear
<220
<223> Description of Artificial Sequence : CB-2R Primer
<400> 8

tcagagacgg accggcagac tettcagacg 30
<210> 9
N1 27
<212> DNA
213> Artificial Sequence
220>
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<223> STRANDNESS : single

<220>
<223> TOPOLOGY : {inear

<220>
<223> Description of Artificial Sequence : PKC-1F Primer

<400> 9
gtgcgeegta cocagcaggg aacgace 27

<210> 10

Q1> 27

<212> DNA

<213> Artificial Sequence

220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : linear

<220>
<223> Description of Artificial Sequence : PKC-2R Primer

<400> 10
tcacgegotc tocgeecgee coctgee 27

<210> 11

211> 33

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : |inear

<2205
<223> Description of Artificial Sequence : PDL58-1F Primer

<400> 11
gecccgoata tggatetgga aacccaactt ote 33

<210> 12

Q1 3

<212> DNA

<213 Artificial Sequence

<220>
<223> STRANDNESS : single

<2200
<223> TOPOLOGY : linear

220>
<223> Description of Artificial Sequence : PDL58-2R Primer

<400> 12
gcactagtca geocgegoteg acgaggaget g 3t
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<210> 13

211> 3

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single
<220>

<223> TOPOLOGY : |inear

<220>
<223> Description of Artificial Sequence : pldB-L-Bgl2F Primer

<400> 13
gegagatcta gageccggtt acctctacga gta 3

<210> 14

211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : Iinear

<220>
<223> Description of Artificial Sequence : pldB~L-Hind3R Primer

<400> 14
gggaagctlg cgatgagetg tgccagatag 30

<210> 15

211> 30

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : [inear

2200
<223> Description of Artificial Sequence : pldB-R-Hind3F Primer

<400> 15
gegaagettg aactgecgeg acagtetott 30

210> 16

211> 34

<212> DNA

<213> Artificial Sequence

220>
<223> STRANDNESS : single

<220>
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<223> TOPOLOGY : linear

<220>
<223> Description of Artificial Sequence : pldB-R-Bg!2R Primer

<400> 16
geegagatetg cageggateg tcttcgagac cott 34

<2105 17

211> 29

<212> DNA

213> Artificial Sequence

<220
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : |inear

220>
<223> Description of Artificial Sequence : 5Dm-3F Primer

<400> 17
ttegesctse esgteccstc satggtsat 29

<2100 18

Q21> 2

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : !inear

<2205
<223> Description of Artificial Sequence : 5Dm-3R Primer

<400> 18
gttgatsays gasgtsgaga a 21

<210> 19

<211> 30

<212> DNA

<213> Artificial Sequence

220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : linear
<2205
<223> Description of Artificial Sequence : 6PIN-2F Primer
<400> 19
gotgogectg gecctggagg acatcgagat 30
<2105 20
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211> 30
<212> DNA
<213> Artificial Sequence

220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : |inear

{2205
<223> Description of Artificial Sequence : 6PIN-2R Primer

<400> 20
ctettcctopg aagaactcgt ggteggegta 30

<2100 21

21> 22

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPQLOGY : Iinear

220>
<223> Description of Artificial Sequence : 5D-1R Primer

<400> 21
aggtgoccag cgagatcatg tt 22

<210 22

<2113 30

<212> DNA

<213 Artificial Sequence

<2205
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : [inear

Q20>
<223> Description of Artificial Sequence : 7PIN-2F Primer

<400> 22
ccatgatcct gotggtgece ggecatgaga 30

210> 23

Q211> 21

<212> DNA

<213> Artificial Sequence

220>
<223> STRANDNESS : single

220>
<223> TOPOLOGY : |inear
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<2205
<223> Description of Artificial Sequence : 5Dm-2R Primer
<400> 23
ctggatsgtg tescosgeyt t 21
Q210> 24
211> 30
<212> DNA
<23 Artificial Sequence
<2205
<223> STRANDNESS : single
220>
<223> TOPOLOGY : linear
220>
<223> Description of Artificial Sequence : SPIN-2F Primer
<400> 24
cggaatccac cagtgccteg gecagaacct 30
210> 25
<211> 33
<212> DNA
213> Artificial Sequence
<220>
<223> STRANDNESS : single
<220>
<223> TOPOLOGY : |inear
<220>
<223> Description of Artificial Sequence : pldApro-SpeNdeF Primer
<400> 25
gggcatatga ctagtagceg tetoetgece poc 33
<210> 26
Q211> 29
<212> DNA
<213> Artificial Sequence
<2207
<223> STRANDNESS : single
<220>
<223> TOPOLOGY : !inear
Q20>
<223> Description of Artificial Sequence : pldApro-NdeR Primer
<400> 26
gggoatatgt toggacgtga attcatteg 29

Q10> 27
Q21> 30
<212> DNA
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<213> Artificial Sequence

220>
<223> STRANDNESS : single

220>
<223> TOPOLOGY : linear

<2205
223> Description of Artificial Sequence : eDM-SphF Primer

<400> 27
tecccgeatg ccggaactga cggacateac 30

<210> 28

211> 30

<212> DNA

<213> Artificial Sequence

{220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : linear

220>
<223> Description of Artificial Sequence : eDM-SphR Primer

<400> 28
ccogggeatg cagacgacga cgtagaggaa 30

210> 29

<2117 36

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

220>
<223> TOPOLOGY : |inear

<220>
<223> Description of Artificial Sequence : PRR-1F Primer

<400> 29
gocecccata tgaacgcaaa cgacaacgtg gteatc 36

Q210> 30

<211> 35

<212> DNA

<213> Artificial Sequence

220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : linear

220>
<223> Description of Artificial Sequence : PRR-2R Primer

33/39

-155-




<400> 30
geggatcctc aggeactact cagttcaget ttgec 35

<210> 31

<1y 27

<212> DNA

<213> Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : linear

<220>
<223> Description of Artificial Sequence : $P-1

400> N
tatgcgtcac tagtcgggag tecgtta 27

210> 32

Q21> 27

<212> DNA

U3 Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : !inear

€220>
<223> Description of Artificial Sequence : SP-2

<400> 32
tataacgcac tcccgactag tgacgea 27

<210> 33

<211> 30

<212> DNA

<213 Artificial Sequence

<220>
<223> STRANDNESS : single

<220>
<223> TOPOLOGY : |inear

<220>
<223> Description of Artificial Sequence : DM-NdeF

<400> 33
geecccatat gacggaactg acggacatca 30

<210> 34

Q11> 30

<212> DNA

<213> Artificial Sequence
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220>
<223> STRANDNESS - single

<220
<223> TOPOLOGY : linear
220>
<223> Description of Artificial Sequence : DM-SpeR
<400> 34

ggeccactag tcagecggec ggtteggtoa 30
<210> 35
Q211> 30
<212> DNA
<213> Artificial Sequence
<2205
<223> STRANDNESS : single
<220>
<223> TOPOLOGY : linear
220>
<223> Description of Artificial Sequence : DM-BglF
<400> 35

cgeatagatc ttcaccegag cgggtgatea 30
<210> 36
<211> 30
<212> DNA
<213> Artificial Sequence
<2200
<223> STRANDNESS : single
220>
<223> TOPOLOGY : |inear
<220>
<223> Description of Artificial Sequence : DM-BgIR
<400> 36

tcccgagate ttgaaggtee gogtcaccgt 30
<2105 37
Q1 27
<212> DNA
<213> Artificial sequence
<220>
<223> RY1C-F primer
400> 37

ttegcggceg totgegaceg goggaty 27
<210> 38
211> 27
<212> DNA
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<213> Artificial sequence

<220>
<223> RI1C-R primer

<400> 38
cacceogeegy tegcagaceg cogcgaa

<210> 39

Q1> 27

<212> DNA

<213> Artificial sequence

220>
<223> R195L-F primer

<400> 39
tegcaaggge cgctegageg gotogag

<210> 40

21> 27

<212> DNA

213> Artificial sequence

220>
<223> R195L-R primer

<400> 40
ctegageege tcgagegece ctteoga

<210> 41

211> 3

<212> DNA

<213> Artificial sequence

<220>
<223> L403M-F primer

<400> 41

acgatccagg ggatgatgga actcccogty a

<210> 42

211> 30

<212> DNA

<213> Artificial sequence

<220>
<223> L4O3M-R primer
<400> 42

tcacggzgag ttcoatcate ccctggateg

210> 43

<211> 30

<212> DNA

<213 Artificial sequence

<2200
<223> R236L-F primer
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27

27

27

]

30



<400> 43
agetggaccg actegacpty gtggegetze

210> 44

Q211> 29

<212> DNA

<213> Artificial sequence

<220>
<223> R236L-R primer

<400> 44
agegocacca cgtogagtcg gtocagote

<210> 45

211> 27

<212> DNA

213> Artificial sequence

<220>
<223> 1244F-F primer

<400> 45
tggcecteee cgtettecte ctogtog

<210> 46

211> 30

<212> DNA

Q@13> Artificial sequence

<220
<223> 1244F-R primer

<400> 46
GCacgagcag gaagacgece agogecacca

210 47

Q1> 27

<212 DNA

<213> Artificial sequence

<220>
<223> MI2T-F primer

<400> 47
cagoggegga tgacgatceo gtegtte

<210> 48

Q211> 27

<212> DNA

<213> Artificial sequence

<220
<223> M12T-R primer

<400> 48
gaacgacggg atcgtcatcc googotg

31739
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30

29

21

30

2]

27




<2105 49

211> 30

<212> DNA

<213> Artificial seguence

<220>
<223> R195Y-F primer

<400> 49
agggececec gagtacctog aggagtacet

<210> 50

Q11> 30

<212> DNA

<213> Artificial sequence

<220>
<223> R195Y-R primer

<400> 50
ggtactecte gaggtacteg cecgecoctt

<210> 51

211> 35

<212> DNA

<213> Artificial sequence

<220>
<223> pldout-L-Bg|2F primer

<400> 51
gegagatoty caggtcateg gggegaagaa ccaca

210> 52

Q11> A

<212> DNA

213> Artificial sequence

220>
<223> pldout-L-SphiR primer

<400> 52
tctccageeg catgegatce cgggteacee

<210> 53

Q11> 32

<212> DNA

<213> Artificial sequence

<220
<223> pldout-R~SphiF primer

<400> 53
ccegeatgeg getggagate atccagageg ca

<210> 54
211> 34
<212> DNA
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30

30

35

32




<213> Artificial sequence

220>
<223> pldout-R-Bg!2R primer

<400> 54
gegagatcta gaacatgeeg ggecagagge tgac

<210> 55
211> 33
<212> DNA
<23 Artificial sequence

<2205
<223> hyg-SpeSphF primer

<400> 55
ggggcatgceg gactagtaca cogtogecte get

<210> 56
211> 30
<212> DNA
<213> Artificial sequence

<220>
<223> hyg-SphR primer

<400> 56
geogeatgeg tcaggcecce gegecgstst
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