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ENGINEERING THE PRODUCTION OF A
CONFORMATIONAL VARIANT OF
OCCIDIOFUNGIN THAT HAS ENHANCED
INHIBITORY ACTIVITY AGAINST FUNGAL
SPECIES

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application Ser. No. 61/731,105, filed Nov. 29, 2012, the
disclosure of which is hereby incorporated by reference in
its entirety, including all figures, tables and amino acid or
nucleic acid sequences.

The Sequence Listing for this application is labeled
“Seq-List.txt” which was created on Nov. 26, 2013 and is
264 KB. The entire contents of the sequence listing is
incorporated herein by reference in its entirety.

This invention was made with government support under
0204332 awarded by the National Institute of Food and
Agriculture, USDA. The government has certain rights in
the invention.

BACKGROUND OF THE INVENTION

Nonribosomal peptide synthetases (NRPSs) produce a
wide array of small and structurally complex peptides that
have therapeutic potential. The system enables the incorpo-
ration of nonproteinogenic amino acids into the polypeptide.
Polyketide synthetases (PKSs) are a family of enzymes or
enzyme complexes that produce polyketides. Integration of
PKSs into the NRPSs system further increases the variety of
polypeptides that can be produced by these systems. Recent
studies are aimed at exploiting NRPSs for producing peptide
libraries that can be screened for therapeutic applications.'”

Unlike linear peptides, cyclic peptides are restrained to
fewer conformations that facilitate their interaction with
their molecular target.'®*® These structural constraints pro-
vide resistance to proteases, extreme pH, and
temperature.'® '° These attributes make them one of the
most promising scaffolds for pharmacophores. Synthetic
design of cyclic peptides is hindered by regioselectivity.

Classical total synthesis of peptides by solid phase or
solution phase peptide synthesis followed by subsequent
cyclization reactions requires the addition and removal of
protecting groups at the right stages to drive the cyclization
among the correct residues.® Even with these considerations,
proper cyclization is hindered by intermolecular interactions
and entropically disfavoured pre-cyclization conformations
resulting in a vast mixture of compounds or low yields.
Microorganisms ensure the formation of a functional cyclic
peptide conformation by enzymatically catalyzing the cycl-
ization and release of the peptide with regioselectivity using
a cyclase thioesterase.’> 7 The cyclase thioesterase is often
located at the C-terminal end of the last NRPS involved in
the synthesis of the peptide and is referred to as the TE
(Thioesterase) domain.

The TE domain can hydrolyze the bound peptide as a
linear peptide or it can catalyze an intramolecular reaction
resulting in the formation of a cyclic peptide. At present,
very little is known about the cyclization mechanism of
peptides. The crystal structure of the surfactin peptide
cyclase provided the first basic understanding of its mecha-
nism of action.?> 2! The peptidyl chain bound to 4-phos-
phopantetheine cofactor (ppan) that is attached to the thio-
lation (T)-domain is transferred to a serine in the adjacent
TE domain. Ser80 is part of a catalytic triad of residues (His

25

30

40

45

55

2

207 and Aspl07) in the surfactin cyclase. His207 and
Aspl07 activate the Ser80, facilitating the transfer of the
peptidyl chain to the TE domain. Once the peptide is
transferred to the TE domain, the cyclase binding pocket
enables proper orientation and cyclization of the peptide
substrate. The enzyme was found to share structural homol-
ogy to a,f-hydrolase family. The lack of water in the
binding cleft of the cyclase, which prevents hydrolysis, is
the significant alteration from the hydrolase family that
gives the cyclase thioesterase its ability to form cyclic
peptides.

Occidiofungin is a broad spectrum nonribosomally syn-
thesized cyclic antifungal peptide that has submicro/nano-
molar activity and low toxicity.'®* 2>2° An interesting fea-
ture in occidiofungin’s biosynthetic pathway is the presence
of two putative thioesterases. One is present as an indepen-
dently expressed thioesterase, OcfN, and the other is a
C-terminal TE domain of OcfD. There remains a need for
the production of anti-fungal agents that have increased
cidal activity against various fungi.

BRIEF SUMMARY OF THE INVENTION

This invention relates to antifungal compounds and their
therapeutic use in the prevention or treatment of fungal
infections and diseases. Particularly, various aspects of the
invention provide compositions enriched for occidiofungin
diastereomers/conformers that have higher activity against
fungal infections or diseases (in mammals or plants).

Other aspects of the invention provide for compositions
enriched for particular diastereomers/conformers produced
by genetic modification of occidiofungin producing micro-
organisms such that the production of a particular occidio-
fungin diastereomer/conformer is favored. Thus, the inven-
tion relates to methods of making such occidiofungin
diastereomers/conformers, compositions enriched for such
diastereomers/conformers and methods of using composi-
tions comprising occidiofungin diastereomers/conformers
disclosed herein as fungicides for animals and plants. The
invention further relates to the microorganisms that produce
compositions enriched for occidiofungin enriched for occid-
iofungin diastereomers/conformers corresponding to diaste-
reomers/conformers having the TOCSY fingerprint identi-
fied in FIG. 5C (the green NH correlations). Methods of
increasing the production of occidiofungin diastereomers/
conformers corresponding to diastereomers/conformers
having the TOCSY fingerprint identified in FIG. 5C (the
green NH correlations) in microorganisms and productions
systems are also provided.

As discussed above, one aspect of the invention provides
compositions enriched for occidiofungin diastereomers/con-
formers, in particular the occidiofungin diastereomers/con-
formers corresponding to the diastereomers/conformers hav-
ing the TOCSY fingerprint identified in FIG. 5C (the green
NH correlations). Thus, the invention provides compositions
enriched for such antifungal diastereomers/conformers for
treating fungal infection. In certain embodiments of this
aspect of the invention, pharmaceutical and agricultural
compositions that contain a composition enriched for diaste-
reomers/conformers having the TOCSY fingerprint identi-
fied in FIG. 5C (the green NH correlations) are provided.
Compositions enriched for a particular occidiofungin diaste-
reomer/conformer can also be produced by the genetically
modified microorganisms discussed below (e.g., micoror-
ganisms in which the function of ocfD and/or ocfN has been
altered in order to favor the production of a particular
diastereomer/conformer).
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Novel antifungals are needed because of the importance
of fungal infections in immunocompromised patients, and
the limitations of currently-available antifungal agents
regarding their spectra of activity and toxicities. In addition,
new antifungals are crucial for food preservation and pro-
duction of a sufficient and affordable food supply. In this
context, this application relates to the disclosure of a com-
position enriched for occidiofungin diastereomers/conform-
ers having increased antifungal activity as compared to
occidiofungin compositions produced by Burkholderia con-
taminans MS14 (disclosed in U.S. Patent Application Pub-
lication 2011/0136729, the disclosure of which is hereby
incorporated by reference in its entirety). Diastereomers/
conformers have been characterized by a number of tech-
niques, including COSY, TOCSY, NOESY, ROESY, and
HSQC 2D NMR spectroscopy experiments.

The antifungal activity of the disclosed occidiofungin
diastereomers/conformers (diastereomers/conformers hav-
ing the TOCSY fingerprint identified in FIG. 5C (the green
NH correlations)) provides for compositions having greater
antifungal activity as compared to as compared to occidio-
fungin compositions produced by Burkholderia contamin-
ans MS 14 when cultured under the same conditions.

The phrase “enriched for the disclosed occidiofungin
diastereomers/conformers” is intended to convey that the a
composition contains the disclosed occidiofungin diaste-
reomers/conformers (diastereomers/conformers having the
TOCSY fingerprint identified in FIG. 5C (the green NH
correlations)) in an amount higher/greater than that pro-
duced by Burkholderia contaminans MS14 as disclosed in
the examples provided herein (in which approximately 36%
of total amount of occidiofungin corresponds to occidio-
fungin diastereomers/conformers having the TOCSY finger-
print identified in FIG. 5C (the green NH correlations).
Thus, the phrase indicates that at least 37% of the total
amount of occidiofungin diastereomers/conformers present
within an enriched composition are the disclosed diaste-
reomers/conformers having the TOCSY fingerprint identi-
fied in FIG. 5C (the green NH correlations)). In various
embodiments, compositions “enriched for the disclosed
occidiofungin diastereomers/conformers” contain at least
40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%,
50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%,
60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%,
70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
of the disclosed diastereomers/conformers in relation to the
total amount of occidiofungin diastereomers/conformers in
the composition.

The phrase “enriched for a particular occidiofungin
diastereomers/conformer” is intended to convey that a com-
position contains the an occidiofungin diastereomer/con-
former that is produced by a microorganism in which the
activity of the ocfD and/or ocfN thioesterase has been
altered such that the production of a particular conformer is
favored.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication, with color drawing(s), will be provided by the
Office upon request and payment of the necessary fee.

FIG. 1. Covalent structure of occidiofungin. R1 and R2
represent the locations where a hydroxyl or chlorine is
added, respectively (R1, —H or —OH; R2, —H or —Cl).
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FIGS. 2A-2C. RP-HPLC Chromatograms. A. Chromato-
gram of the final purification step of the wild-type occidio-
fungin fraction at 220 nm using a 4.6x250 mm C18 column.
B. Chromatogram of the final purification step of ocfN
mutant occidiofungin fraction at 220 nm using a 4.6x250
mm C18 column. C. Overlay of the wild-type (black) and the
mutant (grey) fractions of occidiofungin.

FIG. 3. TOCSY (left panel) and HSQC (right panel)
spectra of BHY4 in the wild-type sample. The proportions of
Asnl and BHNI1 variants were determined by the measure-
ment of the *C-HSQC Ha-Ca cross peak intensities of
BHY4 in the HSQC spectra. These values are listed next to
their corresponding peaks in the right panel. The peaks in red
and green represent the BHY4 peaks associated with BHN1
and Asnl variants, respectively. Based on the calculation of
their relative proportions, i.e. (34.81+87.97 for the BHY4
peaks found in the BHN1 conformational variants) and
(32.79+37.61 for the BHY4 peaks found in the Asnl con-
formational variants), the approximate proportion of the
Asnl variants could be calculated as (32.79+437.61)/
(34.81487.97)+(32.79+37.61).

FIGS. 4A-4B. ESI mass spectrometry. A. EST mass
spectrometry data of purified wild-type occidiofungin frac-
tion. B. ESI mass spectrometry data of purified ocfN mutant
occidiofungin fraction.

FIGS. 5A-5C. TOCSY fingerprint region (NH correla-
tions). A. NH correlations in the wild-type sample. The two
BHNT1 and four Asnl spin systems present in the wild-type
sample are colored red. B. NH correlations in the ocfN
mutant sample. C. Overlay of the NH correlations found in
the wild-type and ocfN mutant samples. NH correlations
that are not present in the ocfN mutant sample are colored
green.

FIG. 6. Schematic of occidiofungin ring closure. The
completely synthesized eight amino acid linear peptide is
bound by a 4-phosphopantetheine cofactor (ppan) linker to
the thiolation (T) domain. The peptide varies by the presence
or absence of a hydroxyl group on the beta carbon of Asnl.
The TE domain of OcfD is capable of forming the cyclic
peptide of both variants in the absence of a functional OctN
cyclase thioesterase. However, it is not as efficient at pro-
ducing the Asnl cyclic peptide variant as OcfN. In the
presence of a functional OcfN cyclase thioesterase, a novel
diastereomers of occidiofungin is formed by the selective
ring closure of the Asnl cyclic peptide. R1 and R2 are BHN1
and Asnl, respectively.

FIGS. 7A-7B. Comparison of the bioactivity from the
wild-type and ocfN mutant occidiofungin fractions. A. MICs
of wild-type and ocfN mutant fraction determined by CLSI
M27-A3 method in RPMI 1640. B. Comparison of the CFUs
in the MIC wells of wild-type fraction to the corresponding
well having the same concentration of the ocfN mutant
occidiofungin fraction. Asterisks represent no detectable
colonies in the MIC wells of the wild-type occidiofungin
fraction. Black and grey bars are ocfN mutant and wild-type
fractions, respectively. Standard deviations for the CFU
measurements are presented.

FIGS. 8A-8C. Potato dextrose agar plates were inoculated
with each of the strains and incubated for 3 days at 28° C.
The plates were oversprayed with the indicator fungus
Geotrichum candidum and incubated overnight. A: The
wild-type strain MS14; B: Negative control MS14GG78
(octl::nptll); C: MS14GG88 (octN::nptll).

FIG. 9. COSY60 NMR Spectrum of Occidiofungin from
ocfN mutant MS14GG88 recorded at 600 MHz in DMSO-
dé.
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FIG. 10. TOCSY60 NMR Spectrum of Occidiofungin
from ocfN mutant MS14GGS88 recorded at 600 MHz in
DMSO-d6.
FIG. 11. NOESY400 NMR Spectrum of Occidiofungin

6

represent samples treated with 0.5, 1.0, and 2.0 pg/ml. of
occidiofungin, respectively. The diamond represents the
sample treated with the blank control.

BRIEF DESCRIPTION OF THE SEQUENCES

from ocfN mutant MS14GGS88 recorded at 600 MHz in 5
DMSO-d6.

FIG. 12. '*C-HSQC NMR Spectrum of Occidiofungin
from ocfN mutant MS14GGS88 recorded at 600 MHz in
DMSO-d6.

FIGS. 13A-13B. One-dimensional NMR temperature
titration curves for occidiofungin derived from ocfN mutant
MS14GG88 (FIG. 13A) and wild-type strain MS14 (FIG.
13B).

FIGS. 14A-14B. TOCSY fingerprint region (NH correla-
tions) for occidiofungin derived from ocfN mutant
MS14GG88 (FIG. 14A) and wild-type strain MS14 (FIG.
14B) at 50° C.

FIG. 15. Time-kill experiments performed against Can-
dida glabrata ATCC66032. Solid black lines and dashed
grey lines correspond to samples treated with occidiofungin
derived from wild-type strain MS14 and ocfN mutant
MS14GG88, respectively. Circles, squares, and triangles
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MODNNVLVTD

RRIGDGELAE

LIIEVRPDER

VALADDRVHH

AAVLEAFEHL

QVARTPTAPA

DRSEWMIVAI

LAQWYEFSGV

KGCLLEHRNL

RGKTLRIYPQ

VRKVIVGGEE

PTVLIGRPIA

AAKFVEHPFP

EIEAATAAHE

KLPDYMVPSD

RELVRIWRDV

AIFELQTISA

AQLEGPSATY

RGVQRIAPPA

RVHERLHVFG

VWQHERLASA

FQLSAERADG

NRRSSMTEPL

PFEQVVDSLE

TAKFDLTLHV

PDRPLGALSL

SEQ ID NOs: 1-2: PCR primer sequences

SEQ ID NO: 3: amino acid sequence for OcfN (thio-
esterase; thioesterase motif of -G-X-S-X-G- underlined (X is

any amino acid))

MRLICFPYAGGSAAVYRTLQASLPGIEVCRHELAGRGSRLSEPAVRDMA
TLVDTLLCDLDDCFDRPFALLGHSMGAATAAELALRLPAHARPNLRHLF
VSARAAPGKERHDRRMQALDDRAFIDALREMGGTPKAVLDNSELMALL

MPALRADFTMIENHRPVPGPRLAVDI TAFAGRADKEIPVDAVAGWGAAT

TGRFDFHVIEGDHFFLRNEMRTMAGI IAARMRRPEHAASSALQA

SEQ ID NO: 4: amino acid sequence for OcfD (thio-
esterase motif of -G-X-S-X-G-underlined (X is any amino

acid))

RESLSRVAGV
FAVAAAGIAF
IEDYLSRVAG
APTGRDDDLQ
DGAVGDIEAA
LVTDSSLMTY
LGILKAGAAF
TLLLDQELPG
AHYIAWAAGY
SESIDTILAR
LTPQHIATLR
DTRVYMLDDA
GEARIYRTGD
DVVGAAVMLR
IIPIAEFPLN
LDNPAVDLAG
VSDLIEASSP
NISSALRFEG
PVALDVVDVA
IVMHHIVSDA
DTHRELALLS
LRAIARASGT
IGFFANMLAL
LERNLGRTPV
QDADDGLAGS

SNDAERNLLT

YGIAAYAPSQ

LLWKYFRIPV

IVEDSYAEPR

LHLRLARGEI

PPEQGPLLAA

ADLNARANSL

VPLDPAYPAE

WQPLPDNPPH

YFPESTTGSF

MFQPGSGVDT

KIDPAIEIYN

LRPVPLGVPG

IGRWLPDGRI

ESAHGVRKLA

ANGKLDRPAL

RFFDYGGDSL

HPGSTAGAIP

ELDVARLRFA

SESDTLALLA

WSSGILIGEL

AALADAPDLI

STFMVVLAAY

RVDLSGNPTF

FQVVFAYEKA

LEYNLDLFDA

VEWNRTDTDF

QPGRPLTRSV

TVLGTPGLAG

FPLETLVRNE

ELRYSGAIEP

FNETATAGPS

AHHLREHHGV

RINHILGDTG

RAEPAHLAYV

GLYSSLCFDF

LKLTPTHIHL

EYGPTEATVG

EICLAGAGLA

QCYGRVDHQV

AYVKGAASLS

LALEPAAAPE

QAMQLVSRIW

PRSRANDLPL

VSEISRRHEI

EEADRPFDLA

AALYAGESLP

ELPTDRPRPA

ALLLSRYSNQ

GDLLARVKRV

QPRAVSFPGL

ATIDRMAEHF

GEDAAQPLHR

RLTPASLDLL

HPSARAAIVP

KDMALAQLTK

FIIDGFAGSL

HPTVVAMFEA

GPESLVGIML

LSLLVTQSSQ

LYTSGSTGKP

TLTNIFCPLV

LEYMNLARSG

CIVERVEDAP

RGYHQRPDVT

KIRGHRVELG

VPNLRAYLAG

EAPLDATPIQ

SSFSVEIGID

SFPQQRLWFL

LRTTFPAVDG

AGPLYRVVLY

ELAVQYADYA

VQQFRGAVLP

QDLVIGSPIA

ALDGYSRQEI

VATPVAVETH

RTLVDAVIAD

LFEQQVERTP



DAVAIVFDDT

VALLAILKAG

DAHVIVVDRD

HRAITNRILW

ARPGGQRETD

VCSGEALPHD

PIGRPIANTR

FIADPFSADP

IEAALRAHPS

DYMVPSQFFA

LASICIDVLQ

QYQTIAQLAA

TVLIQVPADI

PALFAKQVIA

LARLFVSIHH

LARSPAIGDE

EADTTALLRR

VSDAPLDLTR

GYSLLRYQSP

LGSLRAGRSQ

DRLLDFAASV

VVSGPLQVPA

FLDWRHRDAS

CWSAHHIILD

ARHPRSADET

DEALAARLQT

PMLDGVESIV

LVDIQSWSEL

NYPLTLTVHP

LTGQLADPPA

IWRRIFKRDD

PTIEKLAAAL

ANHLSGAHAI

AGHSFGAHVA

EWLVAIAHEI

AGSDRLRAYL

IAQLRLDATW

ALTYAELNLR

GAYVPVDPDY

SLDLDAAATS

MQHAYALDAD

YLVELIERER

LQQRCLERLD

LYIVDAQMQP

LARLYRTGDL

VDDCVVIAKT

LESLPMLPNG

LPSVGIHDNF

APEERAACAP

DASRLADAFR

DDAGERLAAM

LAVDGVSWRV

ARLWQALLAQ

LPRAYDTRIN

TVGWFTSIYP

DAAVRDSLAA

RTHAFEIVAA

PDTAADDIED

LRQAWANALA

RRAQDFDAFL

GWSTATLMKE

WWRAELAGFK

LTRTHRVTLN

GLFINTLPLR

PAGDSLFDSL

NERIGFHISH

ADGRPSAPRS

IAVSDNYFDL

ARKEPSAPAG

HGLEALGLDG

LEMSRQLVAK

GTFLGTDLQV

RVYQANFKSH

GWSRFSAHPV
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-continued

ANRLAHHLVA

PAERVRFMID

NPAPALNGDN

DAVLQKTPFS

ITTIHFVPSM

VKLYNLYGPT

TPIGVAGELL

ARYRPDGNIE

EGARTFLIAY

KINRKALPLP

FELGGDSILS

TLSPLGDAPL

QVYEHHDALR

RAAAADAERG

LLEDLHAAYH

PVEPMPVDYP

DVLLVALAQA

VVLDADAMHA

LPKADILFNY

VADGKLQVDW

SYPLSSLQQG

RHAVLRTAFA

ADDRRRGFDL

VFDDYLSLAR

AATPVAASPA

VLIRAVWALV

LRIAPERPFI

LVFENFPVAA

DAHRIAPEVV

GAGPAIEAAA

GGHSIIAIQL

GLVPIRDGGP

ACEPLTRVED

GADVKLLAIF

TRADLVHLDP

YAPHATPLPV

AVTDVPGDHL

LGVGPDSLVG

HAQLRWLLTQ

LAYMIYTSGS

FDVSVWELFW

LRAFLDHPDL

EAAVDVTAWE

IGGTPVGRGY

FLGRIDHQIK

VATAAPDIAD

ADRGDAAQPH

IQVIARANQA

TPVQHWFFEQ

LRFSHDAGRW

IDITHGPLLA

GQPLPGKTTS

GTGAANNAVD

CSMVTGNTRT

PEQALRAARQ

HGQLDTVLRQ

RYGERLHRRQ

ILFHSLYDLD

WADRDHPVQT

QRAPLFRCTL

TGMPAVAASA

ROATGDAPRQ

LRRHAGTDDV

EWLAEVHAAQ

APDLGPDDIE

ROMLDTLRTL

GAAAAARAVA

MAHVEKAFDR

AAPLFLLPGA

IAARHIERIW

DASAPIDSSA

DGQAGLILER

PIALFRSTER

TMLLDPHAGV
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VAMERSLDMS
QHLHDALPDT
TGRPKGALNT
PLVTGARLVF
DAHCASLRRV
CRRDDPHRIV
HGEPELSAEK
LRGLRIEPGE
LRGYLGGKLA
APAVTPREIL
GLRVTAKQLF
EIDAPSHYNQ
TQQVVAGGEM
ARLFCLADEP
FREWALHLQQ
DASSVSFELG
RIDLESHGRH
QLRRIPADGL
SDGWRPAAED
TVENLAAHFR
PAAYFQQFSF
VRHTVDLPWT
IQETDTRHRF
PGYRAYIDWL
DKRRTQQFLL
VFGVTVSGRP
TAMEPHSYSS
ILDTRAFAES
LERFAENPGQ
HAADESTLLE
RLPISCLFEN
GGNVVYFRPL
PLVGAGPYYL
ATYWQDWDDT
IGDRGSWFAD
DPGDYAPSSE

LAAHVNSFLE KTPS
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SEQ ID NOs: 5-23: polynucleotide and polypeptides
associated with GenBank Accession No. EU938698.5.

DETAILED DESCRIPTION OF THE
INVENTION

This invention relates to antifungal compounds and their
therapeutic use in the prevention or treatment of fungal
infections and diseases. Particularly, various aspects of the
invention provide compositions enriched for occidiofungin
diastereomers/conformers that have higher activity against
fungal infections or diseases. Thus, the invention relates to
methods of making such occidiofungin diastereomers/con-
formers, compositions enriched for such diastereomers/con-
formers and methods of using compositions comprising
occidiofungin diastereomers/conformers disclosed herein as
fungicides for animals and plants. The invention further
relates to the microorganisms that produce compositions
enriched for occidiofungin enriched for occidiofungin
diastereomers/conformers corresponding to diastereomers/
conformers having the TOCSY fingerprint identified in FIG.
5C (the green NH correlations). Methods of increasing the
production of occidiofungin diastereomers/conformers cor-
responding to diastereomers/conformers having the TOCSY
fingerprint identified in FIG. 5C (the green NH correlations)
in microorganisms and productions systems are also pro-
vided.

As discussed above, one aspect of the invention provides
compositions enriched for occidiofungin diastereomers/con-
formers, in particular the occidiofungin diastereomers/con-
formers corresponding to the diastereomers/conformers hav-
ing the TOCSY fingerprint identified in FIG. 5C (the green
NH correlations observed under the following conditions: 2
mM samples of occidofungin diasteromers in dimethylsul-
foxide (DMSO-d6, Cambridge Isotopes) subjected to 2-D
TOCSY, spectra collected at 323 K with a mixing time of 60
milliseconds and data processing using NMRPipe with 45
degree sinebell squared shifts in both dimensions). Thus, the
invention provides compositions enriched for such antifun-
gal diastereomers/conformers for treating fungal infection.
In certain embodiments of this aspect of the invention,
pharmaceutical and agricultural compositions that contain a
composition enriched for diastereomers/conformers having
the TOCSY fingerprint identified in FIG. 5C (the green NH
correlations) are provided.

Another aspect of the invention provides for compositions
that are enriched for a particular occidofungin diasteromer/
conformer. In this aspect of the invention, the activity of the
ocfD and/or ocfN thioesterases is altered such that the
activity of one of the thioesterases is decreased (or elimi-
nated) and the activity of the second thioesterase remains
functional or is increased. Thus, microorganisms can be
genetically manipulated such that OcfD thioesterase activity
is decreased or eliminated and the thioesterase activity of
OctN is increased or maintained at unaltered (e.g., levels of
activity as observed in Burkholderia contaminans MS14 or
microorganisms engineered with the biosynthetic pathway
for the production of occidiofungin). Alternatively, micro-
organisms can be genetically manipulated such that OcfN
activity is decreased or eliminated and the thioesterase
activity of OcfD is increased or unaltered.

Compositions comprising occidiofungin diasteromers/
conformers as disclosed herein may be formulated prior to
administration in an agriculturally acceptable carrier, for
example in an aqueous carrier, medium or suitable diluent,
such as saline or other buffer. The formulated compositions
may also be in the form of a dust or granular material, or a
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suspension in oil (vegetable or mineral), water or oil/water
emulsions, a wettable powder, or in combination with any
other carrier material suitable for agricultural application.
Suitable agricultural carriers can be solid or liquid and are
well known in the art. The term “agriculturally-acceptable
carrier” covers all adjuvants, e.g. inert components, disper-
sants, surfactants, tackifiers, binders, etc. that are ordinarily
used in the formulation of agricultural compositions; these
are well known to those skilled in formulation of agricultural
compositions.

A pharmaceutical composition contains a desired amount
of an occidofungin diastereomers/conformers as disclosed
herein. Thus, the pharmaceutical composition can comprise
occidofungin diasteromers/conformers having the total cor-
relation spectroscopy (TOCSY) fingerprint identified in
FIG. 5C as the green NH correlations or the pharmaceutical
composition can comprise a particular occidiofungin diaste-
reomer/conformer. Either of these pharmaceutical composi-
tions can be in the form of, for example, a tablet, a caplet,
a pill, a hard or soft capsule, a lozenge, a cachet, a dispens-
able powder, granules, a suspension, an elixir, a dispersion,
a liquid, or any other form reasonably adapted for admin-
istration. If intended for parenteral administration, it can be
in the form, for example, of a suspension or transdermal
patch. Presently preferred are oral dosage forms that are
discrete dose units each containing a predetermined amount
of the disclosed occidiofungin diastereomers/con formers.

Pharmaceutically acceptable carriers that may be used in
these compositions include, but are not limited to, ion
exchangers, alumina, aluminum stearate, lecithin, serum
proteins, such as human serum albumin, buffer substances
such as phosphates, glycine, sorbic acid, potassium sorbate,
partial glyceride mixtures of saturated vegetable fatty acids,
water, salts or electrolytes, such as protamine sulfate, diso-
dium hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zinc salts, colloidal silica, magnesium
trisilicate, polyvinyl pyrrolidone, cellulose-based sub-
stances, polyethylene glycol, sodium carboxymethylcellu-
lose, polyacrylates, waxes, polyethylene-polyoxypropylene-
block polymers, polyethylene glycol and wool fat.

The compositions of the present invention may be admin-
istered orally, parenterally, by inhalation spray, topically,
rectally, nasally, buccally, vaginally or via an implanted
reservoir. The term “parenteral” as used herein includes
subcutaneous, intravenous, intramuscular, intra-articular,
intra-synovial, intrasternal, intrathecal, intrahepatic, intral-
esional and intracranial injection or infusion techniques.
Preferably, the compositions are administered orally, intra-
peritoneally or intravenously.

Sterile injectable forms of the compositions of this inven-
tion may be aqueous or an oleaginous suspension. These
suspensions may be formulated according to techniques
known in the art using suitable dispersing or wetting agents
and suspending agents. The sterile injectable preparation
may also be a sterile injectable solution or suspension in a
non-toxic parenterally acceptable diluent or solvent, for
example as a solution in 1,3-butanediol. Among the accept-
able vehicles and solvents that may be employed are water,
Ringer’s solution and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a
solvent or suspending medium. For this purpose, any bland
fixed oil may be employed including synthetic mono- or
diglycerides. Fatty acids, such as oleic acid and its glyceride
derivatives are useful in the preparation of injectables, as are
natural pharmaceutically-acceptable oils, such as olive oil or
castor oil, especially in their polyoxyethylated versions.
These oil solutions or suspensions may also contain a
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long-chain alcohol diluent or dispersant, such as carboxym-
ethyl cellulose or similar dispersing agents that are com-
monly used in the formulation of pharmaceutically accept-
able dosage forms including emulsions and suspensions.
Other commonly used surfactants, such as Tweens, Spans
and other emulsifying agents or bioavailability enhancers
which are commonly used in the manufacture of pharma-
ceutically acceptable solid, liquid, or other dosage forms
may also be used for the purposes of formulation.

The compositions of this invention may be orally admin-
istered in any orally acceptable dosage form including, but
not limited to, capsules, tablets, aqueous suspensions or
solutions. In the case of tablets for oral use, carriers com-
monly used include lactose and corn starch. Lubricating
agents, such as magnesium stearate, are also typically added.
For oral administration in a capsule form, useful diluents
include lactose and dried cornstarch. When aqueous suspen-
sions are required for oral use, the active ingredient is
combined with emulsifying and suspending agents. If
desired, certain sweetening, flavoring or coloring agents
may also be added.

Alternatively, the compositions of this invention may be
administered in the form of suppositories for rectal admin-
istration. These can be prepared by mixing the agent with a
suitable non-irritating excipient that is solid at room tem-
perature but liquid at rectal temperature and therefore will
melt in the rectum to release the drug. Such materials
include cocoa butter, beeswax and polyethylene glycols. The
compositions of this invention may also be administered
topically, ophthalmically, by nasal aerosol or inhalation.
Such compositions are prepared according to techniques
well-known in the art of pharmaceutical formulation.

Compositions disclosed herein can be used to treat fungal
infections in immunocompromised patients or patients hav-
ing fungal infections. Thus, another aspect of the invention
provides for administering compositions enriched for occid-
iofungin diastereomers/conformers (e.g., those correspond-
ing to the diastereomers/conformers having the TOCSY
fingerprint identified in FIG. 5C (the green NH correlations)
having increased antifungal activity as compared to occid-
iofungin compositions produced by Burkholderia contami-
nans MS14 (disclosed in U.S. Patent Application Publica-
tion 2011/0136729, the disclosure of which is hereby
incorporated by reference in its entirety). These diastereom-
ers/conformers have been characterized by a number of
techniques, including COSY, TOCSY, NOESY, ROESY, and
HSQC 2D NMR spectroscopy experiments.

The antifungal activity of the disclosed occidiofungin
diastereomers/conformers (diastereomers/conformers hav-
ing the TOCSY fingerprint identified in FIG. 5C (the green
NH correlations)) provides for compositions having greater
antifungal activity as compared to as compared to occidio-
fungin compositions produced by Burkholderia contamin-
ans MS 14 when cultured under the same conditions. The
phrase “enriched for the disclosed occidiofungin diaste-
reomers/conformers” is intended to convey that the compo-
sition contains disclosed occidiofungin diastereomers/con-
formers (diastereomers/conformers having the TOCSY
fingerprint identified in FIG. 5C (the green NH correla-
tions)) in amounts higher than that produced by a reference
strain (e.g., Burkholderia contaminans MS14 as disclosed in
the examples provided herein). Thus, the phrase indicates
that at least 37% of the total amount of occidiofungin
diastereomers/conformers present within an enriched com-
position are the disclosed diastereomers/conformers having
the TOCSY fingerprint identified in FIG. 5C (the green NH
correlations)). In various embodiments, compositions
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“enriched for the disclosed occidiofungin diastereomers/
conformers” contain at least 40%, 41%, 42%, 43%, 44%,
45%, 46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%,
55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%,
65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%,
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% or 99% of the disclosed diastereom-
ers/conformers in relation to the total amount of occidio-
fungin diastereomers/conformers in a composition.

As discussed above, one aspect of the invention provides
microorganisms capable of producing compositions
enriched for occidiofungin diastereomers/conformers corre-
sponding to the diastereomers/conformers having the
TOCSY fingerprint identified in FIG. 5C (the green NH
correlations). In this aspect of the invention, microorganisms
are transformed with the genes associated with the biosyn-
thesis of occidiofungin. These genes and open reading
frames (ORFs) are disclosed in disclosed in U.S. Patent
Application Publication 2011/0136729, the disclosure of
which is hereby incorporated by reference in its entirety; Gu
et al., Appl. Environ. Microbiol., 2011, 77:(17):6189-6198
which is also incorporated by reference in its entirety and
GenBank Accession No. EU938698.5, which is also hereby
incorporated by reference in its entirety and is also provided
on pages 29-72 (SEQ ID NOs: 5-23). These transformed
microorganisms are further manipulated genetically such
that the microorganisms exhibit an increase in the level of
OciN thioesterase (SEQ ID NO: 3) activity. An increase in
the level of OctN thioesterase activity can be achieved by
means of expressing the ocfN gene in a multicopy plasmid
with a native promoter or any other promoter sequence.
Another way to increase the expression of the ocfN gene
within the cell is to chromosomally integrate additional
copies of the ocfN gene using transposons. Yet a further
means to increase ocfN thioesterase activity is to substitute
the native promoter associated with the ocfN gene with a
promoter that increases expression of the gene (relative to
the native promoter). In certain embodiments of this aspect
of the invention, the thioesterase activity of OcfD can be
decreased or eliminated by a point mutation of the catalytic
serine at position 2954 of SEQ ID NO: 4, insertional
mutation or point mutation of amino acids within the thio-
esterase motif (in addition to the substitution of the serine
residue) found in ocfD to reduce or eliminate its activity,
deletion of the catalytic serine or other portions of SEQ ID
NO: 4 (e.g., portions or the entirety of the thioesterase motif
in SEQ ID NO: 4) or truncation SEQ ID NO: 4 such that
thioesterase activity is reduced or eliminated (in addition to
increasing the level of OctN thioesterase activity) within the
genetically modified microorganisms.

Another aspect of the invention provides for compositions
enriched for a particular Occidiofungin diastereomer/con-
former. In this aspect of the invention, transformed micro-
organisms are manipulated genetically such that the micro-
organisms exhibit an increase in the level of OctD
thioesterase (SEQ ID NO: 4) activity. An increase in the
level of OctD thioesterase activity can be achieved by means
of expressing the ocfD gene in a multicopy plasmid with a
native promoter or any other promoter sequence. Another
way to increase the expression of the ocfD gene within the
cell is to chromosomally integrate additional copies of the
ocfD gene using transposons. Yet a further means to increase
ocfN thioesterase activity is to substitute the native promoter
associated with the ocfD gene with a promoter that increases
expression of the gene (relative to the native promoter). In
certain embodiments of this aspect of the invention, the
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thioesterase activity of OcfN can be decreased or eliminated
by a point mutation of the catalytic serine at position 73 of
SEQ ID NO: 3, insertional mutation or point mutations of
other amino acids within the thioesterase motif (in addition
to the substitution of the serine residue) of the thioesterase
to reduce or eliminate its activity, deletion of the catalytic
serine or other portions of SEQ ID NO: 3 (e.g., portions or
the entirety of the thioesterase motif in SEQ ID NO: 3),
truncation SEQ ID NO: 3 such that thioesterase activity is
reduced or eliminated or deletion of ocfN in its entirety (in
addition to increasing the level of OcfD thioesterase activ-
ity) within the genetically modified microorganisms. Where
the biosynthetic pathway for occidiofungin biosynthesis is
engineered into a microorganisms, once can, of course, omit
ocfN to achieve the same effect as the mutation or deletion
of ocfN as discussed above.

Thus, microorganisms such as bacterial cells, fungal cells
and yeast can be transformed with genes encoding the
occidiofungin biosynthetic pathway and genetically manipu-
lated, as discussed above, such that the cells have increased
OciN activity and/or decreased OcfD activity as compared
to reference bacterial, fungal or yeast cells. Alternatively,
microorganisms such as bacterial cells, fungal cells and
yeast can be transformed with genes encoding the occidio-
fungin biosynthetic pathway and genetically manipulated, as
discussed above, such that the cells have increased OcfD
activity and/or decreased OciN activity as compared to
reference bacterial, fungal or yeast cells. Such cells can then
be used to produce compositions enriched for occidiofungin
diastereomers/conformers corresponding to the diastereom-
ers/conformers having the TOCSY fingerprint identified in
FIG. 5C (the green NH correlations) or to produce compo-
sitions enriched for a particular occidiofungin diasteromer/
conformer. The phrase “reference bacterial, fungal or yeast
cells” refers to bacterial, fungal or yeast cells containing the
genes associated with the biosynthetic pathway for the
production of occidiofungin and where the function/activity
of OcfN and/or OcfD has not been altered as disclosed
herein. Thus, the phrase “reference bacterial, fungal or yeast
cells” refers to cells containing, for example, polynucleotide
(SEQ ID NO: 23 encoding the open reading frames (ORFs;
SEQ ID NOs: 5-22)) disclosed in GenBank Accession No.
EU938698.5. For the comparison of compositions compris-
ing particular occidofungin conformers (or compositions
enriched for occidiofungin diastereomers/conformers corre-
sponding to the diastereomers/conformers having the
TOCSY fingerprint identified in FIG. 5C (the green NH
correlations)), compositions containing the diastereomers/
conformers are obtained from cells genetically manipulated
to have increased ocfN activity and/or decreased OctD
activity (or increased OcfD activity and/or decreased ocfN
activity) and compared to compositions containing occidio-
fungin produced by reference bacterial, fungal or yeast cells
cultured under similar or the same conditions (e.g., the same
temperature and medium).

Bacterial cells can be selected Gram negative bacteria or
Gram positive bacteria. In this aspect of the invention, the
Gram-negative bacterial cell can be selected from the group
consisting of Escherichia, Zymomonas, Acinetobacter, Glu-
conobacter, Geobacter, Shewanella, Salmonella, Entero-
bacter and Klebsiella. Gram-positive bacteria can be
selected from the group consisting of Bacillus, Clostridium,
Corynebacterial, Lactobacillus, Lactococcus, Oenococcus,
Streptococcus and Fubacterial cells. Various thermophilic
bacterial cells, such as Thermoanaerobes (e.g., Thermoan-
aerobacterium saccharolvticum). Bacillus spp., e.g., Bacil-
lus coagulans strains, Bacillus licheniformis strains. Bacil-
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lus subtilis strains, Bacillus amyloliquifaciens strains,
Bacillus megaterium strains, Bacillus macerans strains,
Paenibacillus spp. strains or Geobacillus spp. such as Geo-
bacillus stearothermophilus.

Yeast cells suitable for use in this aspect of the invention
may be a Candida, Hansenula, Kluveromyces, Pichia, Sac-
charomyces, Schizosaccharomyvces, or Yarrowia cell such
as a Kluyveromyces lactis, Saccharomyces carlsbergensis,
Saccharomyces cerevisiae, Saccharomyces diastaticus, Sac-
charomyces douglasii, Saccharomyces kluyveri, Saccharo-
myces norbensis, Saccharomyces oviformis, or Yarrowia
lipolytica cell. In this aspect of the invention, the yeast cell
must be resistant to the effects of occidiofungin to be a
viable production system for compositions enriched for
occidiofungin diastereomers/conformers corresponding to
the diastereomers/conformers having the TOCSY fingerprint
identified in FIG. 5C (the green NH correlations).

In other embodiments of this aspect of the invention,
fungal cells can be manipulated to produce compositions
enriched for occidiofungin diastereomers/conformers corre-
sponding to the diastereomers/conformers having the
TOCSY fingerprint identified in FIG. 5C (the green NH
correlations). “Fungi” as used herein includes the phyla
Ascomycota, Basidiomycota, Chytridiomvcota, and Zygomy-
cota, OQomycota and all mitosporic fungi. A fungal cell may
be a yeast cell. “Yeast” as used herein includes ascosporog-
enous yeast (Endomycetales), basidiosporogenous yeast,
and yeast belonging to the Fungi Imperfecti (Blastomy-
cetes). The fungal host cell may be a filamentous fungal cell.
“Filamentous fungi” include all filamentous forms of the
subdivision Fumycota and Oomycota (as defined by Hawk-
sworth et al., 1995, supra). The filamentous fungi are gen-
erally characterized by a mycelial wall composed of chitin,
cellulose, glucan, chitosan, mannan, and other complex
polysaccharides. Vegetative growth is by hyphal elongation
and carbon catabolism is obligately aerobic. In contrast,
vegetative growth by yeasts such as Saccharomyces cerevi-
siae is by budding of a unicellular thallus and carbon
catabolism may be fermentative. The filamentous fungal
host cell may be an Acremonium, Aspergillus, Aureoba-
sidium, Bjerkandera, Ceriporiopsis, Chrsosporium, Copri-
nus, Coriolus, Cryptococcus, Filibasidium, Fusarium,
Humicola, Magnaporthe, Mucor, Myceliophthora, Neocal-
limastix. Neurospora, Paecilomyces, Penicillium, Phanero-
chaete, Phlebia, Piromyces, Pleurotus, Schizophillum, Tala-
romyces, Thermoascus, Thielavia, Tolypocladium,
Trametes, or Trichoderma cell. For example, the filamentous
fungal host cell may be an Aspergillus awamori, Aspergillus
Jfoetidus, Aspergillus fumigatus, Aspergillus japonicus,
Aspergillus nidulans, Aspergillus niger, Aspergillus oryzae,
Bjerkandera adusta, Ceriporiopsis aneirina, Ceriporiopsis
caregiea, Ceriporiopsis gilvescens, Ceriporiopsis panno-
cinta, Ceriporiopsis rivulosa, Ceriporiopsis subrufa, Ceri-
poriopsis subvermispora, Chrysosporium inops, Chrysospo-
rium  keratinophilum,  Chrysosporium  lucknowense,
Chrysosporium merdarium, Chrysosporium pannicola,
Chrysosporium queenslandicum, Chrysosporium tropicum,
Chrsosporium zonatum, Coprinus cinereus, Coriolus hirsu-
tus, Fusarium bactridioides, Fusarium cerealis, Fusarium
crookwellense, Fusarium culmorum, Fusarium
graminearum, Fusarium graminum, Fusarium heterospo-
rum, Fusarium negundi, Fusarium oxysporum, Fusarium
reticulatum, Fusarium roseum, Fusarium sambucinum,
Fusarium  sarcochroum,  Fusarium  sporotrichioides,
Fusarium sulphureum, Fusarium torulosum, Fusarium tri-
chothecioides, Fusarium vemnenatum, Humicola insolens,
Humicola lanuginosa, Mucor miehei, Myceliophthora ther-
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mophila, Neurospora crassa, Penicillium purpurogenum,
Phanerochaete chrysosporium, Phlebia radiata, Pleurotus
eryngii, Thielavia terrestris, Trametes villosa, Trametes ver-
sicolor, Trichoderma harzianum, Trichoderma koningii,
Trichoderma longibrachiatum, Trichoderma reesei, or
Trichoderma viride cell.

Fungal cells may be transformed by a process involving
protoplast formation, transformation of the protoplasts, and
regeneration of the cell wall in a manner known per se.
Suitable procedures for transformation of Aspergillus and
Trichoderma host cells are described in EP 238023, Yelton
et al., 1984, Proc. Natl. Acad. Sci. USA 81: 1470-1474, and
Christensen et al., 1988, Bio/Technology 6: 1419-1422.
Suitable methods for transforming Fusarium species are
described by Malardier et al., 1989, Gene 78: 147-156, and
WO 96/00787. Yeast may be transformed using the proce-
dures described by Becker and Guarente, In Abelson, J. N.
and Simon, M. 1., editors, Guide to Yeast Genetics and
Molecular Biology, Methods in Enzymology, Volume 194,
pp 182-187, Academic Press, Inc., New York; Ito et al,,
1983, I. Bacteriol, 153: 163; and Hinnen et al., 1978, Proc.
Natl. Acad. Sci. USA 75: 1920.

In another embodiment of the present invention, the
native promoter of the ocfN gene within Burkholderia
contaminans MS14 can be replaced by promoter elements
known to enhance the level of gene expression, thereby
increasing OctN thioesterase activity within Burkholderia
contaminans MS14. Burkholderia contaminans MS14 can
also be genetically modified by other techniques to produce
compositions enriched for occidiofungin diastereomers/con-
formers corresponding to the diastereomers/conformers hav-
ing the TOCSY fingerprint identified in FIG. 5C (the green
NH correlations). Genetic modifications that ocfN thio-
esterase activity include the introduction of multicopy plas-
mids comprising a native promoter or any other promoter
sequence operably liked to an ocfN gene into Burkholderia
contaminans MS14, integration of additional copies of the
ocfN gene operably linked to a promoter into the chromo-
some of Burkholderia contaminans MS14 using transposon
mutagenesis or by replacement of the native ocfN promoter
in Burkholderia contaminans MS14 with a promoter that
increases the expression of ocfN transcripts relative to the
native promoter sequence.

Another aspect of the invention provides for the intro-
duction of a point mutation into the nucleotide sequence
encoding OctD, the truncation of octD (or introduction of a
frameshift mutation) such that the thioesterase activity is
reduced or eliminated or the deletion of the segment of the
ocfD gene encoding the catalytic serine in order to increase
the amounts of occidiofungin diastereomers/conformers cor-
responding to the diastercomers/conformers having the
TOCSY fingerprint identified in FIG. 5C (the green NH
correlations) produced by Burkholderia contaminans MS14
or by microorganisms genetically modified to produce
occidiofungin (e.g., microorganisms into which the biosyn-
thetic pathway for occidiofungin production have been
introduced). In this aspect of the invention, a point mutation
is introduced into the catalytic serine in the thioesterase
domain of ocfD in order to reduce its activity. This amino
acid is found at position 2954 of SEQ ID NO: 4. For
example, the serine can be mutated into an alanine, glycine
or proline residue (with glycine or alanine being preferred in
this context). Certain embodiments of this aspect of the
invention also provide for genetic modification of the micro-
organisms such that ocfN activity is increased as well (e.g.,
the level of OcfN thioesterase activity can be increased by
means of expressing the ocfN gene in a multicopy plasmid
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with a native promoter or any other promoter sequence,
chromosomal integration of additional copies of the ocfN
gene using transposons or other means or substitution of the
native promoter associated with the ocfN gene with a
promoter that increases expression of the gene (relative to
the native promoter)).

Another aspect of the invention provides for the intro-
duction of a point mutation into the nucleotide sequence
encoding OciN, the truncation of ocfN (or introduction of a
frameshift mutation) such that the thioesterase activity is
reduced or eliminated, the deletion of the segment of the
ocfN gene encoding the catalytic serine or chromosomal
deletion of ocfN within a microorganism (e.g., Burkholderia
contaminans MS14) in order to increase the amounts a
particular occidiofungin diastereomer/conformer produced
by a microorganism. As would be apparent to one skilled in
the art, a similar effect can be obtained by transforming a
microorganism with the genes encoding the occidiofungin
biosynthetic pathway, with the exception of ocfN gene. In
this aspect of the invention, a point mutation is introduced
into the catalytic serine in the thioesterase domain of OcfN
in order to reduce its activity. This amino acid is found at
position 73 of SEQ ID NO: 3. For example, the serine can
be mutated into an alanine, glycine or proline residue (with
glycine or alanine being preferred in this context). Certain
embodiments of this aspect of the invention also provide for
genetic modification of the microorganisms such that OctD
activity is increased as well (e.g., the level of OcfD thio-
esterase activity can be increased by means of expressing the
ocfD gene in a multicopy plasmid with a native promoter or
any other promoter sequence, chromosomal integration of
additional copies of the ocfD gene using transposons or
other means or substitution of the native promoter associated
with the ocfD gene with a promoter that increases expres-
sion of the gene (relative to the native promoter)).

Materials and Methods

Proportion of Occidiofungin Variants in the Sample. The
C-terminal TE domain of OcfD and the OcfN cyclase
thioesterase in the occidiofungin biosynthetic gene cluster
are both predicted to be involved in the termination of
synthesis and formation of the cyclic peptide. Given that the
N-terminal end of the linear peptide is an Asn or BHN, we
hypothesized that each thioesterase was required for cycl-
ization of the Asnl and BHN1 variants. The Asnl and BHN1
variants of occidiofungin are not separable by RP-HPLC
(reverse phase high performance liquid phase chromatogra-
phy), thus, both variants are present in the purified fraction
(FIG. 2). The final RP-HPLC step in the purification process
reveals the presence of three peaks. Occidiofungin samples
elute as a doublet peak before the third peak. Both the wild
type strain MS14 and the ocfN mutant MS14GG88 have the
same chromatographic profile as observed in the last puri-
fication step. Occidiofungin peaks were confirmed by
MALDI-TOF and bioassays. It is important to note that the
presence of the doublet peak is not associated with the
presence of Asnl or BHN 1. Each peak of the doublet
contains both the Asnl and BHN 1 variants.

The relative proportion of the Asnl and BHNI1 variants
could not be directly compared, because direct measurement
of the Asnl peak intensities could not be done due to the
peaks overlapping with Asn7. The relative proportion of the
Asnl and BHN 1 variants in the wild-type fraction was
determined by measuring the *C-HSQC Ha-Ca cross peak
intensities of each BHY4 peak in the data set,>”> *® given that
each of the BHY4 peaks could be attributed to either the
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Asnl or BHNI1 variant. Based on the Ha-Ca cross peak
intensities for BHY4 in HSQC spectrum, the Asnl and BHN
1 variants was determined by measuring the '*C-HSQC
Ha-Ca cross peak intensities of each BHY4 peak in the data
set?”> 2%, and was determined to be approximately 36% and
64% of the total amount of occidiofungin, respectively (FIG.
3). The peaks in red and green represent the BHY4 peaks
associated with BHN1 and Asnl variants, respectively. A
similar ratio was also observed in the relative abundance of
each peak in the ESI-MS spectrum (FIG. 4A). Furthermore,
the '*C-HSQC Ha-Ca cross peak intensities for the BHN1
peaks in the spectra were determined to be 90.50 and 38.65,
which support the intensities measured for BHY4 peaks
corresponding to the BHN1 conformational variants.

Mutagenesis of the ocfN gene was conducted via a marker
exchange procedure as described previously??, to generate
the mutant MS14GG88. The percentage of Asnl to BHN 1
variants in the ocfN mutant MS14GG88 fraction could be
determined by measuring the proportion of each BHNI1
variant using the HSQC data set and by the integration of the
HN of Asnl and BHNI1 in the '"H NMR spectra. Asnl and
BHNT1 variants are approximately 20% and 80% of the total
amount of occidiofungin, respectively. The ESI-MS spec-
trum also shows a lower relative abundance for the Asnl
variant (1200.39 Da) compared to the BHN 1 variant
(1216.41 Da) (FIG. 4B).

Comparison of Wild-Type and ocfN Mutant NMR Spec-
tra. Occidiofungin has a complex spectrum for a peptide of
only eight amino acids (FIG. 5A and Table 1). The NMR
spectrum represents an average of the conformers on the
NMR time scale. Conformers in slow exchange on the NMR
time scale may result in multiple spin systems for each
amino acid. In some situations, multiple conformers are
known to arise for cyclic peptides due to slow interconvert-
ing conformational families.?*> *° Despite the conformation
restrictions brought about by the ring closure, occidiofungin
still has a significant amount of conformational freedom.
Both Asnl and BHNI1 variants are visibly present in the
wild-type fraction, which are colored red in FIG. 5A. The
TOCSY fingerprint region (NH correlations) is not as com-
plex for the OctN thioesterase MS14G(G88 mutant spectra
(FIG. 5B). A significant number of spin systems found in the
wild-type spectra are absent in the ocfN thioesterase mutant
spectra. Our experiments show that the TE domain on the
C-terminal region of OcfD is able to perform the peptide
macrocyclization of both the Asnl and BHN 1 variants.
Although, there is only one amide spin system for Asnl
produced by OcfD. Whereas, the loss of OctN results in the
disappearance of the other three Asnl amide spin systems.

An overlay of the wild-type and ocfN mutant NMR
spectra shows the amino acid spin systems in green that are
absent in the mutant spectra (FIG. 5C). These spin systems
are for Asn7, Ser8, Asnl, Novel Amino Acid 2 (NAA2),
Ser3, BHY4, and Gly6. The loss of these spin systems
suggests that the complex spin system observed for the
wild-type occidiofungin fraction is not only due to intercon-
verting conformational families, but is the result of distinct
diastereomers formed by the regiospecific activity of the
OciN cyclase and OcfD TE domain. Dramatic chemical
shifts observed, such as the 2 ppm shift for HN of the NAA2,
support the formation of a structurally unique conformer of
occidiofungin. A unique conformer is further supported by
the subsequent loss of a NAA2 spin system in the ocfN
mutant NMR spectra. Furthermore, the presence of both
Asnl and BHNI1 spin systems in the mutant spectra along
with the absence of the amide spin systems shown in green
indicate that the additional spin systems are not due to the
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presence of the P-hydroxyl on Asnl. The additional spin
systems are due to the formation of unique diastereomer
produced by OctN cyclase thioesterase. To further test for
the formation of a configurational isomer versus an inter-
changeable conformational isomer, one dimensional NMR
temperature titrations were performed. Amide and aromatic
regions revealed little change in the complexity of peaks
present with the occidiofungin derived from ocfN mutant
MS14GG88 or wild-type strain MS14 (FIGS. 13A-13B).
Given that NAA?2 spin systems are a good indicator for the
presence of both diastereomers in the wild-type spectrum,
we collected TOCSY spectra for occidiofungin derived from
ocfN mutant MS14GG88 or wild-type strain at 50° C.
(FIGS. 14A-14B). There was no loss or addition of a spin
system for NAA2 in the mutant spectrum. Furthermore, both
spin systems for NAA2 remained in the wild-type spectrum.
This data supports that the stereoisomers are non-inter-
changeable isomers, supporting their classification as a
diastereomers (configurational isomers) rather than a con-
formational isomer.

Model for the Coordinated Function of Two Cyclase
Thioesterases. There was no loss of an amide spin system for
a BHN 1 in the ocfN mutant NMR spectra. This suggests
that OctN thioesterase has a substrate requirement for the
peptide containing Asnl, since there is no concomitant loss
of a BHNI spin system with the observed loss of the Asnl
spin systems. The C-terminal TE domain of OcfD has a
preference for the peptide containing the BHNI, but is
capable, albeit at a lower efficiency of cyclizing the Asnl
variant. This provides an interesting scenario for the activity
of the two thioesterases (FIG. 6). Both thioesterases contain
the GXSXG motif, which is important for the catalytic
transfer of the peptide from the T domain to the cyclase. This
suggests that substrate recognition occurs prior to the cata-
Iytic transfer of the peptide to the cyclase. Presumably, OcfN
cyclase has a higher affinity or better access for the Asnl
peptide product given that the proportion of the Asnl cyclic
peptide product produced by OcfD compared to the BHN1
product is reduced in the wild-type fraction. Therefore the
biosynthesis of occidiofungin utilizes the structural differ-
ences between Asn and BHN to increase the conformational
biodiversity of occidiofungin. The increase in conforma-
tional diversity is accomplished by the regiospecific activity
of each cyclase, presumably by differences in their binding
clefts that helps orientate the peptide before cyclization.

Comparison of the Bioactivity of the Wild-Type and ocfN
Mutant Product. To determine whether the increase in con-
formational diversity is important for bioactivity, minimum
inhibitory concentrations were determined against medically
relevant Candida species (F1IG. 7A). There was a 2-fold
decrease in the minimum inhibitory concentration (MIC)
with the purified ocfN mutant product with respect to the
wild-type product against Candida albicans 1L, Candida
albicans TE, Candida glabrata ATCC66032, Candida
parapsilosis  ATCC90018, and Candida tropicalis
ATCC66029. There was no difference in the MIC for
Candida albicans ATCC66027. Colony forming units
(CFUs/mL) were determined for the MIC wells of wild-type
product for each Candida species and compared to the
corresponding well containing the same concentration of the
ocfN mutant product (FIG. 7B). Following exposure to the
same concentration of wild-type and ocfN mutant products,
these results show a 5 to 7-log decrease in cell density of the
Candida species treated with wild-type product. The differ-
ences in activity are also visualized by the rate of cell death.
Time-kill experiments were performed against Candida
glabrata ATCC66032. There was a ten-fold difference in
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yeast present at 4 and 8 hours when cells were treated with
0.5 pg/mlL of occidiofungin derived from ocfN mutant
MS14GG88 or wild-type strain (FIG. 15). Furthermore, a
slower rate of cell death was also observed for yeast treated
with occidiofungin derived from ocfN mutant MS14GG88
at 1.0 and 2.0 pg/ml.. Given that the cyclic occidiofungin
variants produced by OcfN constitute less than half of the
total structural variants, a 2-fold loss in activity suggests that
the configurational isomer made by OcfN are 4-fold more
active than the stercoisomer produced by OcfD against five
of the Candida species tested. Another possible explanation
for the observed differences in activity could be attributed to
possible synergism between the configurational isomers
produced by each cyclase thioesterase. Furthermore, the
antifungal activity of the ocfN mutant (MS14GGS88:
8.79+£0.38 mm) was also significantly reduced (P<0.05)
compared to wild-type activity (inhibitory zone
radius£SEM: 13.00£0.58 mm) in an overlay assay against
Geotrichum candidum (FIG. 8).

General Discussion. The findings from this study include
experiments showing the following: the relative proportion
of the Asnl and BHNI1 variants in the purified fraction;
distinct differences in spin systems for the wild-type and
ocfN mutant products: proposed model for the coordinated
function of two cyclase thioesterases; and demonstrated
differences in biological activity of wild-type and ocfN
mutant products against therapeutically relevant Candida
species. Expanding the conformational repertoire of cyclic
peptide natural products can be beneficial to microorgan-
isms. These data suggest that the bacterium Burkholderia
contaminans MS14 is benefited by maintaining two distinct
cyclase thioesterases that improves the spectrum of activity
of occidiofungin.

Our data support the observation that cyclase thioesterase
substrate recognition occurs prior to the catalytic transfer of
the peptide. The presence or absence of a hydroxyl group on
the beta carbon of the N-terminal amino acid (Asnl) appears
to be important for the substrate recognition by the two
cyclase thioesterases. It has also been shown that the N-ter-
minal amino acid is important for substrate recognition for
other thioesterases.* ® It is possible that the presence of the
hydroxyl group promotes a hydrogen bond with the ocfD
cyclase thioesterase domain or more likely promotes an
interaction within the T domain of the NRPS. Different
bound orientations of the peptide to the T domain would
establish a basis for the coordinated function of two cyclase
thioesterases. It is also possible that the enzymatic conver-
sion of one of the residues between L- and D-isomers is not
completed by one of the epimerization domains. A combi-
nation of differences in the N-terminal amino acid and a
possible difference in amino acid configuration (L or D),
may contribute to the selective differences by the cyclase
thioesterases that result in the formation of the observed
configurational isomers.

The presence of the hydroxyl group on the beta carbon
and the bound orientation of the peptide to the T domain may
prevent the interaction of the OctN cyclase, while enabling
the continued substrate recognition by OcfD TE domain.
There is evidence for the need of a bound orientation of the
peptide to the T domain for the successful function of the
cyclase thioesterase. Conformational diversity of the T
domain has been shown to be important for the directed
movement of the peptide substrate bound to the ppan
cofactor and its interaction with externally acting enzymes.>
More specifically, the active site serine of the cyclase
thioesterase needs to attack the linear peptide attached by a
thioester linkage to the ppan forming an acyl-O-TE inter-
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mediate. The position of the peptide bound to the ppan in the
T domain will be important for bringing the peptide sub-
strate in proximity of the appropriate cyclase thioesterase.

Furthermore, some cyclase thioesterases are capable of
transacylation of the peptide to the active site serine, when
the peptide is bound to a biomimetic prosthetic group.® ¢
However, there are several cyclase thioesterases that will not
function when the product is bound to a biomimetic group.
These data suggest that the interaction of the peptide with
the T domain is important for the enzymatic activity of some
thioesterases and this interaction cannot be mimicked using
a prosthetic group. It is conceivable that the coordinated
function of the two cyclase thioesterases, involved in the
synthesis of occidiofungin, utilize differences in the inter-
action of the ppan bound peptide within the T domain.

Presumably, ocfN was integrated into the occidiofungin
biosynthetic gene cluster to improve its spectrum of activity
against fungi. Given the broad spectrum of antifungal activ-
ity associated with occidiofungin, the molecular target is
likely to be highly conserved. However, there must be some
variation among fungal species to account for the differences
in biological activity. Increasing the conformational reper-
toire must be a selective advantage to the bacterium for it to
maintain the two functional cyclase thioesterases. The
microbial environment is considerably different than how
we intend to apply the natural products produced by micro-
organisms. For instance, the bacterium Strepromyces roseo-
sporus is a soil saprotroph responsible for the production of
daptomycin.*" ** The microbial community that this bacte-
rium encounters is far more diverse than the group of
bacteria that cause human infection. Thus, evolutionary
pressures that selected for the current conformers of dapto-
mycin may not necessarily be the best conformers for
treating a Staphylococcus aureus infection. It is very likely
that the therapeutic application of daptomycin or other
cyclic peptide drugs could be improved by engineering
novel conformational or configurational isomers.

Creating novel diastereomers of other cyclic peptide
drugs using new or engineered cyclase thioesterases may
lead to improvements in their therapeutic activity against
clinically relevant pathogens. This is true for occidiofungin
produced by the bacterium Burkholderia contaminans
MS14, which accomplishes this goal by the evolutionary
integration of an additional cyclase thioesterase into the
occidiofungin biosynthetic gene cluster.

All patents, patent applications, provisional applications,
and publications referred to or cited herein are incorporated
by reference in their entirety, including all figures and tables,
to the extent they are not inconsistent with the explicit
teachings of this specification.

Following are examples which illustrate procedures for
practicing the invention. These examples should not be
construed as limiting. All percentages are by weight and all
solvent mixture proportions are by volume unless otherwise
noted.

EXAMPLE 1

Experimental Section

Materials. Occidiofungin produced by both the wild type
strain MS14 and the ocfN mutant MS14GG88 were purified
as previously described for the wild-type sample. Chemicals
were purchased from Sigma-Aldrich (St. Louis, Mo.) and
were the highest grade, unless otherwise stated. Media were
purchased from Fisher Scientific, enzymes were purchased
from New England BiolL.abs, and primers were purchased
from Integrated DNA Technologies (IDT) unless otherwise
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stated. Candida strains used were purchased from the ATCC
biological resource center and were a gift from Thomas
Edlind (Drexel University College of Medicine).

Site Directed Mutagenesis. A nonpolar mutation was
constructed in the open reading frame of wild-type octN by
the insertion of a kanamycin resistance gene, nptIl.>*> To
mutate ocfN;, a 1-kb fragment containing ocfN was obtained
by PCR using primers MocfNF (5'-CGCCACCCGTTAC-
GAGGATTC, SEQ ID NO: 1) and MociNR (5'-ACGCGTC-
CCCTCTTCCTACG, SEQ ID NO: 2). The 1-kb PCR prod-
uct was cloned into the pGEM-T Easy Vector System I
(Promega Corporation, Madison. WI) resulting in plasmid
pGG30. The nptll gene was inserted into the cloned ocfN at
Smal, generating plasmid pGG31. The ~2-kb EcoRI frag-
ment of pGG31 harboring the ocfN gene disrupted by
insertion of nptII was cloned into pBR325>* at the EcoRI site
to generate pGG32. Mutagenesis of the ocfN gene was
conducted via a marker exchange procedure as described
previously®”, to generate the mutant MS 14GG88. PCR
analysis and sequencing were used to verify the double
crossover mutants. Production and purification of the anti-
fungal were done as previously described.?

NMR Spectroscopy. A 2 mM sample of ocfN thioesterase
mutant fraction of occidiofungin was prepared in dimethyl
sulfoxide (DMSO-d6, Cambridge Isotopes) and data were
collected as previously described for the wild-type frac-
tion.*> The NMR data were collected on a Bruker Advance
DRX spectrometer, equipped with a CryoProbe, operating at
a proton frequency of 600 MHz. The 'H resonances were
assigned according to standard methods®® using COSY
(correlation spectroscopy), TOCSY (total correlation spec-
troscopy), NOESY (nuclear overhauser effect spectroscopy)
and *C-HSQC (heteronuclear single quantum coherence)
experiments. NMR experiments were collected at 25° C.
The carrier frequency was centered on the residual water
resonance (3.333 ppm), which was suppressed minimally
using standard presaturation methods. A 2.0 s relaxation
delay was used between scans. The TOCSY experiment was
acquired with a 60 ms mixing time using the Bruker DIPSI-2
spinlock sequence. The NOESY experiment was acquired
with 400 ms mixing time. The parameters for collecting the
HSQC spectrum were optimized to observe aliphatic and
aromatic CH groups. The spectral sweep width for the
TOCSY and NOESY was 11.35 ppm in both dimensions.
The spectral sweep widths for HSQC were 11.35 ppm in the
proton dimensions and 0 and 85 ppm for the carbon dimen-
sion. All 2D data were collected with 2048 complex points
in the acquisition dimension and 256 complex points for the
indirect dimensions, except for the HSQC which was col-
lected with 2048 and 128 complex points in the direct and
indirect dimension, respectively. Phase sensitive indirect
detection for NOESY, TOCSY, and COSY experiments was
achieved using the standard Bruker pulse sequences. 'H
chemical shifts were referenced to the residual water peak
(3.33 ppm). Data were processed with nmrPipe®” by first
removing the residual water signal by deconvolution, mul-
tiplying the data in both dimensions by a squared sinebell
function with 45 or 60 degree shifts (for the 'H dimension
of HSQC), zerofilling once, Fourier transformation, and
baseline correction. Data were analyzed with the interactive
computer program NMRView.>® One-dimensional NMR
temperature titrations were collected on the wild type and
mutant peptides, using a Bruker AVANCE III HD 600 MHz
spectrometer equipped with a cryoprobe. Eight scans were
collected in each 1-D experiment, using 32K points, at a
temperature of 298 K. The experiments were repeated using
higher temperatures for both samples in 5 degrees K incre-
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ments, up to a temperature of 323 K. 2-D TOCSY spectra
were collected at a temperature of 323 K, using a mixing
time of 60 milliseconds. Fight scans and 256 indirect points
were used for both the wild type and mutant peptides. The
2-D spectra were processed using NMRPipe, with 45 degree
sinebell squared shifts in both dimensions.

Mass Spectrometry. The wild-type occidiofungin and the
ocfN mutant sample (10 pg) were evaporated to dryness in
a Speed Vac Concentrator (ThermoScientific, San Jose,
Calif.) and the residue was taken up in 50 pl methanol and
analyzed by direct infusion at 3 pl/minutes into an LCQ
DecaXP (ThermoScientific. San Jose, Calif.). Data were
acquired over a mass range of m/z 200 to 2000.

In Vitro Susceptibility Testing. Microdilution broth sus-
ceptibility testing was performed in triplicate according to
the CLSI M27-A3 method in RPMI (Roswell Park Memo-
rial Institute) 1640 [buffered to a pH of 7.0 with MOPS
(morpholinepropanesulfonic acid)] growth medium. 100x
stock solutions of occidiofungin were prepared in dimethyl
sulfoxide (DMSO). MIC endpoints for occidiofungin were
determined by visual inspection and were based on the wells
that had no visible growth (an optically clear well) after 24
hours of incubation. DMSO containing no antifungal agent
was used as a negative control. Colony forming units
(CFUs) were determined in triplicate by plating 100 ul from
the MIC wells onto a Yeast Peptone Dextrose (YPD) plate
as well as plating 100 pl from 10-fold serial dilutions of the
cell suspension in Yeast Peptone Dextrose (YPD) Broth.
Colony counts were performed and reported as CFUs/ml.
Time-kill experiments were performed as previously
reported.'® Candida glabrata (ATCC 66032) colonies on
24-h-0ld YPD plates were suspended in 9 ml of sterile water.
The density was adjusted to a 0.5 McFarland standard and
was diluted 10-fold with RPMI 1640 medium to a final
volume of 10 ml containing a final concentration of 2, 1, 0.5
and 0 pg/ml of occidiofungin from wild type strain MS14
and the ocfN mutant MS14GG88. The cultures were incu-
bated at 35° C. with agitation. Samples were drawn, serially
diluted, and plated on YPD medium for colony counts.

It should be understood that the examples and embodi-
ments described herein are for illustrative purposes only and
that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and the
scope of the appended claims. In addition, any elements or
limitations of any invention or embodiment thereof dis-
closed herein can be combined with any and/or all other
elements or limitations (individually or in any combination)
or any other invention or embodiment thereof disclosed
herein, and all such combinations are contemplated with the
scope of the invention without limitation thereto.

TABLE 1

Chemical Shift Values for Occidiofungin

derived from the ocfN mutant MS14GG88<
Unit No. dc Oy
Asnl 2 52.71, CH 4.59
2-NH 7.75
3 39.91, CH2 2.62,241
4 _
4-NH2 7.39, 6.93
BHN1 2 58.47, CH 4.66, 4.61
2-NH 7.81,7.9
3 75.01, C 3.98, 4.02
3-OH 4.66
4 _
4-NH2 7.24
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TABLE 1-continued TABLE 1-continued

Chemical Shift Values for Occidiofungin Clllemical Shift Values for Occidiofungin
derived from the ocfN mutant MS14GG&8 derived from the ocfN mutant MS14GG88

Unit No. o o 5 Unit No. dc Oy
4 _
NAA2 2 43.88, CH2 2.34,2.36 5,6 _ 7.15
3 47.25, CH 423 8,9 — 6.67
3-NH 7.31,7.34 DABAS 2 5349, CH 443
4 41.57, CH2 1.39, 1.76 10 2-NH 7.66
5 66.36, CH 3.50 i g;fg gg; 1'85’93'“
6 76.07, CH 3.08 4, NI ’ iy
7 79.61, CH 3.72 Gly6 2 4476, CH2 3.87, 3.58, 3.84, 3.70
8 33.19, CH2 1.54 2-NH 7.68, 7.85
9-17 25.14-28.02, CH2 1.27 15 Asn7 2 53.25, CH 451, 458
18 16.94, CH3 0.86 2-NH 8.35, 8.41
Ser3 2 58.59, CH 4.07,4.15 3 40.03, CH2 2.61,2.38
2-NH 8.11, 8.14 41\411H2 - 30, 693
3 70.23, 64.29 349,345 Ser8 2 58.11, CH 433,432
3-OH 4.95 2-NH 7.76, 7.78
BHY4 2 58.71, CH 4.06, 4.15 20 3 64.59 3.61, 3.62
2-NH 7.83,7.94 3-OH 479
3 73.75, CH 498, 5.08 - - - -
“Proton chemical shift values are from a TOCSY and NOESY experiments. Chemical
3-OH 5.66,5.73 shifts in brackets are '°C values from the HSQC experiment.

GenBank: EU938698.5

Go to:

LOCUS EU938698 58101 by DNA linear BCT 13-DEC-2010

DEFINITION Burkholderia contaminans strain MS14 putative FAD linked
oxidase
domain protein gene, partial cds; and putative LuxR-type
egulator
(ambR1), putative LuxR-type regulator (ambR2), putative cyclic
peptide transporter, hypothetical protein, putative glycosyl
transferase, putative nonribosomal peptide synthetases,
putative
beta-lactamase domain protein, putative beta-ketoacyl synthase
nonribosomal peptide synthetase, putative short chain
dehydrogenase/reductase SDR, putative beta-ketoacyl synthetase,
putative taurine catabolism dioxygenase, putative transaminase,
putative epemerase/dehydratase, putative thiocesterase, and
hypothetical protein genes, complete cds.

ACCESSION EU938698

VERSION EU938698.5 GI: 314950578
KEYWORDS .
SOURCE Burkholderia contaminans

ORGANISM Burkholderia contaminans
Bacteria; Proteobacteria; Betaproteobacteria; Burkholderiales;
Burkholderiaceae; Burkholderia; Burkholderia cepacia complex.
REFERENCE 1 (bases 1 to 58101)

AUTHORS Gu, G., Smith, L., Wang, N., Wang, H. and Lu, S. E.

TITLE Biosynthesis of an antifungal oligopeptide in Burkholderia
contaminans strain MS14

JOURNAL Biochem. Biophys. Res. Commun. 380 (2), 328-332 (2009

PUBMED 19167363

REFERENCE 2 (bases 1 to 58101)

AUTHORS Gu, G., Wang, N., Chaney, N., Smith, L. and Lu, S. E.

TITLE AmbR1 is a key transcriptional regulator for production of
antifungal activity of Burkholderia contaminans strain MS14

JOURNAL FEMS Microbiol. Lett. 297 (1), 54-60 (2009)

PUBMED 19500142

REFERENCE 3 (bases 1 to 58101)

AUTHORS Gu, G., Smith, L., Wang, N., Wang, H. and Lu, S.

TITLE Direct Submission

JOURNAL Submitted (01-AUG-2008) Entomology and Plant Pathology,
Mississippi
State University, 32 Creelman St., Mississippi State, MS 39762,
UsA

REFERENCE 4 (bases 1 to 58101)

AUTHORS Gu, G., Smith, L., Wang, N., Wang, H. and Lu, S.

TITLE Direct Submission

JOURNAL Submitted (12-NOV-2008) Entomology and Plant Pathology,
Mississippi
State University, 32 Creelman St., Mississippi State, MS 39762,
UsA

REMARK Sequence update by submitter
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-continued
REFERENCE 5 (bases 1 to 58101)
AUTHORS Gu, G., Smith, L., Wang, N., Wang, H. and Lu, S.
TITLE Direct Submission
JOURNAL Submitted (15-JAN-2009) Entomology and Plant Pathology,
Mississippi
State University, 32 Creelman St., Mississippi State, MS 39762,
UsA
REMARK Sequence update by submitter
REFERENCE 6 (bases 1 to 58101)
AUTHORS Gu, G., Smith, L., Wang, N., Wang, H. and Lu, S.
TITLE Direct Submission
JOURNAL Submitted (24-FEB-2009) Entomology and Plant Pathology,
Mississippi
State University, 32 Creelman St., Mississippi State, MS 39762,
UsA
REMARK Sequence update by submitter
REFERENCE 7 (bases 1 to 58101)
AUTHORS Gu, G., Smith, L., Wang, N., Wang, H. and Lu, S.
TITLE Direct Submission
JOURNAL Submitted (13-DEC-2010) Entomology and Plant Pathology,
Mississippi
State University, 32 Creelman St., Mississippi State, MS 39762,
UsA
REMARK Sequence update by submitter
COMMENT On Dec 13, 2010 this sequence version replaced gi: 224016442.
FEATURES Location/Qualifiers
source 1 . . . 58101
/organism = “Eurkholderia contaminans”
/mol_type = “genomic DNA”
/strain = “MS14”
/db_xref = “taxon: 488447"
CDS complement (<1 . . . 1175)
/note = “ORF1”
/codon_start = 1
/transl_table = 11
/product = “putative FAD linked oxidase domain protein”
/protein_id = “ACN32485.1"
/db_xref = “GI: 224016443"
(SEQ ID NO:
/translation = “MSHDFRDEPAPRRAFLADMAKLAAAGIVTGWTPLYQVAAHARTA
GETPPGFPADIQLYKQAFLNWSGEIAVQDVWTAAPRSADDVVATVNWARANGYRIRPR
GYTHNWSPLTLDPGAGAANLVLLDTTKSLTAVSVDTSARPARVTAQTGVSLESLLATL
EQVGLGVIAAPAPGDITLGGALIDAHGTAVPAAGETLQPGHTYGSLSNLVVALTAVV
FDPARQQYVLRRFERSDPEIGAFLAHIGRALVVEVTLTAGPNQRLRCQSYVDIPASEL
FAAPGTTGRTIASFLDGSGRVEAIWFPFTTKPWLKWTPTPSKPFLSRAVTQPYNYPF
SDSISQSISDLVKRIVIGGEGALTPLFGQTQLAITTAGLALTLSGDIWGWSRTVLQE”
gene 2480 . . . 3301
/gene = “ambR1”
CDS 2480 . . . 3301
/gene = “ambR1”
/note = “AmbR1”
/codon_start = 1
/transl_table = 11
/product = “putative LuxR-type regulator”
/protein_id = “ACN32486.1"
/db_xref = “GI: 224016444”
(SEQ ID NO:

/translation = “MFAKLGKVISSAGSERFASDMHALLVESIPLTITRMTEWTLDEP
AGEVVRVQSLGADGAPGDDGRGAPAAHGEREPAAHPPLNR ILAACDRQLIHINPLMRR
GNGGEVAPSRGPGGGFQCHLVSGKANRRYVISLHRTASHRDFSLREMSFLKNFADTLL
PLVEWHASTCRHGEREGATAPGATAGMPGVEALRHEFESRLARARVVLSARENEVCLG

LLAGKMLREMAGELGVKESTIETYIKPAAVKLGI SGRHGLTKWMIDDSVPCASAA”

gene complement (3372 . . . 4262)
/gene = “ambR2”

CDS complement (3372 . . . 4262)
/gene = “ambR2”

/note = “AmbR2”

5)

6)

26
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-continued
/codon_start = 1
/transl_table = 11
/product = “putative LuxR-type regulator”
/protein_id = “ACIO01437.2"
/db_xref = “GI: 212381179”

(SEQ ID NO: 7)
/translation = “MEFSRLFAHVGEAISSSGSRRFPRMMYNLIAAAVPVDEIRISEL

AIDDVPDGPPEVRSLGAVGAALAKTGAAAVCCGPQMPPRPGTSPLHVDD TLAGHGP IH

AQLDRFILMQAAIVSPRYAQFHLVTRKRGHCYVISLYRTCTFDDFSPQERTFLKELSH

VLFPIVESHVAALDSAPPAARVTTAAPPATQSGRERVARRFADRLQQAGVKLSTREIE

ACTALLAGDTVPAIAMRFALRESTVETYLKRAAVKLGFSGRHGLTRWMLDETAGAATE

AAGGDMRSMRRDYASPRLGT”
CDS complement (4466 . . . 6169)
/note = “ORF2”
/codon_start = 1
/transl_table = 11
/product = “putative cyclic peptide transporter”
/protein_id = “ACJ24909.2"

/db_xref = “GI: 220898663”

(SEQ ID NO: 8)
/translation = “MDSAQSKSPPWHSAATLMWRSHPWLTLGTVVTGLVSGIASIAGV

GLISTVLHDQDDROQTLLLLFIAVNVVAVVCRSCAAVMPSYACMKVMTRLRVNLCKRIL
ATPLDEIDRRGAPNVLTMLTQDIPQLSQTLLTIPTIIVQSVVLICSIAYLAYLSWIVFE
ASTIILTLVGLVLYLFFYRKAVNFTERVRDEFVQFNEY THGLVFGIKELKLNRARRRW
FTRAATELSSKRVAGFNYIERFWFMSGDSIGQITVAVLLGCLLFGVPSLGVVDPSVLT
ASILAVLYMMGPLTMLINVLPVVAEGKTALARLAEFGFLIDDTQASHEEPRPAGNVET
LSAKSWKVIELKDVTMNYRDNEASVDFVLGPIDMTIHAGELVYVIGGNGSGKS TLGKV
LSGLYAPTGGTISLDGKVVDDAARERYRNLFSAVFTDFHLFNRIIGPDRGNESIELAR
KYLATLKLADKIEISGRTYSTTRALSTGORKRLALLCAYIEDRPIYILDEWAADQDPV
FKRFSYEVLVPDLKSRGKCVVIITHDDQYFKLADPVIRLDSGRIFSDTAMCAVRAEAA
ar
CDS complement (6186 . . . 6668)

/note = “ORF3”

/codon_start = 1

/transl_table = 11

/product = “hypothetical protein”

/protein_id = “ACL81525.1"

/db_xref = “GI: 220898664"

(SEQ ID NO: 9)
/translation = “MQLTTVDLEAAFVKAALDALHRDCKLGDAISLAYGKCESTAGVI

DLIFPLITKKLRIDYILMYSIESNPRTLLQFLRQIESGLARSEDWTAASVEAALRSVA

DSPDGVGWERAQRLLKCCILFSDSPLGIVESITFLGKHETSSRLRSAASNVELSHLIN”

CDS complement: (672 . . . 7378)
/note = “ORF4”
/codon_start = 1
/transl_table = 11
/product = “putative glycosyl transferase”
/protein_id = “ACL81526.1"

/db_xref = “GI: 220898665”

(SEQ ID NO: 10)
/translation = “MKSTPTIDNTFAPKVCINLDRRPDRWEAMQORKFAEQNILTVERL

PAVDARLVSVPESLSHMRAQDYGCTMSHLAAVKQAKAAGAREVLIFEDDAFFDADFAA
RFPEFIAQVPDDWHMLFLGAYHFTPPIPVAPNIVKAVETLTAHAYVVRNSLYDAFIAT

NENPPAINDRNNLVLQQTFNCYCFEPNLVGQESGYSDIMDEVMPEKPLTYSMPIPDGW”
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-continued
CDS complement (7375 . . . 16869)
/note = “ORF5”
/codon_start = 1
/transl_table = 11
/product = “putative nonribosomal peptide synthetase”
/protein_id = “ACL81527.1”
/db_xref = “GI: 220898666"

(SEQ ID NO: 11)
/translation = “MQDNNVLVTDHRYAATARFWRESLSRVAGVYGIAAYAPSQQPGR

PLTRSVRLTPASLDLLRRIGDGELAEFAVAAAGIAFLLWKYFRIPVTVLGTPGLAGHP
SARAATIVPLIIEVRPDERIEDYLSRVAGIVEDSYAEPRFPLETLVRNEKDMALAQLTK
VALADDRVHHAPTGRDDDLQLHLRLARGEIELRYSGAIEPFIIDGFAGSLAAVLEAFE
HLDGAVGDIEAAPPEQGPLLAAFNETATAGPSHPTVVAMFEAQVARTPTAPALVTDSS
LMTYADLNARANSLAHHLREHHGVGPESLVGIMLDRSEWMIVAILGI LKAGAAFVPLD
PAYPAERINHILGDTGLSLLVTQSSQLAQWYEFSGVTLLLDQELPGWQPLPDNPPHRA
EPAHLAYVLYTSGS TGKPKGCLLEHRNLAHYIAWAAGYYFPESTTGSFGLYSSLCFDF
TLTNIFCPLVRGKTLRIYPQSESIDTILARMFQPGSGVDTLKLTPTHIHLLEYMNLAR
SGVRKVIVGGEELTPQHIATLRKIDPAIEIYNEYGPTEATVGCIVERVEDAPPTVLIG
RPIADTRVYMLDDALRPVPLGVPGEICLAGAGLARGYHQRPDVTAAKFVEHPFPGEAR
IYRTGDIGRWLPDGRIQCYGRVDHQVKIRGHRVELGEIEAATAAHEDVVGAAVMLRES
AHGVRKLAAYVKGAASLSVPNLRAYLAGKLPDYMVPSDIIPIAEFPLNANGKLDRPAL
LALEPAAAPEEAPLDATPIQRELVRIWRDVLDNPAVDLAGRFFDYGGDSLQAMQLVSR
IWSSFSVEIGIDAIFELQTISAVSDLIEASSPHPGSTAGAIPPRSRANDLPLSFPQQOR
LWFLAQLEGPSATYNISSALRFEGELDVARLRFAVSEISRRHEILRT TFPAVDGRGVQ
RIAPPAPVALDVVDVASESDTLALLAEEADRPFDLAAGPLYRVVLYRVHERLHVFGIV
MHHIVSDAWSSGILIGELAALYAGESLPELAVQYADYAVWQHERLASADTHRELALLS
AALADAPDLIELPTDRPRPAVQOFRGAVLPFQLSAERADGLRAIARASGTS TFMVVLA
AYALLLSRYSNQODLVIGSPIANRRSSMTEPLIGFFANMLALRVDLSGNPTFGDLLAR
VKRVALDGYSRQEIPFEQVVDSLELERNLGRTPVFQVVFAYEKAQPRAVSFPGLVATP
VAVETHTAKFDLTLHVQDADDGLAGSLEYNLDLFDAATIDRMAEHFRTLVDAVIADPD
RPLGALSLSNDAERNLLTVEWNRTD TDFGEDAAQPLHRLFEQQVERTPDAVAIVEDDT
ALTYAELNLRANRLAHHLVALGVGPDSLVGVAMERSLDMSVALLAILKAGGAYVPVDP
DYPAERVRFMIDHAQLRWLLTQQHLHDALPDTDAHVIVVDRDSLDLDAAATSNPAPAL
NGDNLAYMIYTSGS TGRPKGALNTHRAITNRI LWMQHAYALDADDAVLQKTPFSFDVS
VWELFWPLVTGARLVFARPGGQRETDYLVELIERERITTIHFVPSMLRAFLDHPDLDA
HCASLRRVVCSGEALPHDLQQORCLERLDVKLYNLYGPTEAAVDVTAWECRRDDPHRIV
PIGRPIANTRLYIVDAQMOPTPIGVAGELLIGGTPVGRGYHGEPELSAEKFIADPFSA
DPLARLYRTGDLARYRFDGNIEFLGRIDHQIKLRGLRIEPGEIEAALRAHPSVDDCVV
IAKTEGARTFLIAYVATAAPDIADLRGYLGGKLADYMVPSQFFALESLPMLPNGKINR
KALPLPADRGDAAQPHAPAVTPREILLASICIDVLQLPSVGIHDNFFELGGDSILSIQ
VIARANQAGLRVTAKQLFQYQTIAQLAAAPEERAACAPTLSPLGDAPLTPVQHWFFEQ
EIDAPSHYNQTVLIQVPADIDASRLADAFRQVYEHHDALRLRFSHDAGRWTQQVVAGG
EMPALFAKQVIADDAGERLAAMRAAAADAERGIDITHGPLLAARLFCLADEPLARLEV

SIHHLAVDGVSWRVLLEDLHAAYHGQPLFGKTTSFREWALHLQQLARSPAIGDEARLW
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-continued
QALLAQPVEPMPVDYPGTGAANNAVDDASSVSFELGEADT TALLRRLPRAYDTRINDY
LLVALAQACSMVTGNTRTR IDLESHGRHVSDAPLDLTRTVGWFTS I YPVVLDADAMHA
PEQALRAARQOLRRIPADGLGYSLLRYQSPDAAVRDSLAALPKADILFNYHGQLDTVL
RQSDGWRPAAEDLGSLRAGRSQRTHAFEIVAAVADGKLOVDWRYGERLHRRQTVENLA
AHFRDRLLDFAASVPDTAADDIEDSYPLSSLOQGILFHSLYDLDPAAYFQQFSFVVSG
PLOVPALRQAWANALARHAVLRTAFAWADRDHPVQTVRHTVDLPWTFLDWRHRDASRR
AQDFDAFLADDRRRGFDLQRAPLFRCTLIQETDTRHRFCWSAHHI ILDGWS TATLMKE
VFDDYLSLARTGMPAVAASAPGYRAYIDWLARHPRSADETWWRAELAGFKAATPVAAS
PARQATGDAPRODKRRTQOFLLDEALAARLQTLTRTHRVTLNVLIRAVWALVLRRHAG
TDDVVFGVTVSGRPPMLDGVESIVGLF INTLPLRLRIAPERPF I EWLAEVHAAQTAME
PHSYSSLVDIQSWSELPAGDSLFDSLLVFENFPVAAAPDLGPDDIEILDTRAFAESNY
PLTLTVHPNERIGFHISHDAHRIAPEVVRQMLDTLRTLLERFAENPGOL TGQLADPPA
ADGRPSAPRSGAGPAIEAAAGAAAAARAVAHAADES TLLEIWRRIFKRDDIAVSDNYF
DLGGHSIIAIQLMAHVEKAFDRRLPISCLFENPTIEKLAAALAAKEPSAPAGGLVPIR
DGGPAAPLFLLPGAGGNVVYFRPLANHLSGAHATHGLEALGLDGACEPLTRVEDIAAR
HIERIWPLVGAGPYYLAGHSFGAHVALEMSRQLVAKGADVKLLAIFDASAPIDSSAAT
YWQDWDDTEWLVAIAHEIGTFLGTDLQVTRADLVHLDPDGQAGLILERI GDRGSWFAD
AGSDRLRAYLRVYQANFKSHYAQHATPLPVPIALFRSTERDPGDYAPSSEIAQLRLDA

TWGWSRFSAHPVAVTDVPGDHLTMLLDPHAGVLAAHVNSFLEKTPS”

CDS complement (16957 . . . 26022)
/note = “ORF6”
/codon_start = 1
/transl_table = 11
/product = “putative nonribosomal peptide synthetase”
/protein_id = “ACL81528.1"

/db_xref = “GI: 220898667"

(SEQ ID NO: 12)
/translation = “MQEGMLFHAVHEPGSRSSFNQLSCRITGSLDPALFHAAWQQLID

RHPVMRTS FHWEEFDKPMQVVHARATL PWVQDDWLDLPEHEQRSRWRAHLDND LAEGE
ALDRAPLVRCRLVRVAADAYLFSWSHHHILADGWCLSLVIEEI FEVYGALARGVSPAL
PPVRPYRDYIQWLQQHEPQAAQQYWTRYLEGFRTPTPLPTAARAGADERFGQGLAQVQ
ADLSADLSARLRQFAARHHVTLNTLAQAAWALVLSRYSGETDVVEGAVYV SGRGANLPG
IETMLGLF INTVPVRVRVDPRQPLY PWLKMIQARVAARAPFEHTPLPDIQRCSDVPPT
APLFESNITFMNYPLDASLTHGAHGLAVDEVQLYNRAD I PLEFVVTARDDWKMELSED
PRRFDEDTMQRMLGHVAATLDAFAADPNRLLGRVPILPDAERRQLLETFNDTAVPEDA
ALTVVHRLEQAAADHPERPAVEYEDGVLSAGELNARANBI AHRLLAAADLGPDALVAT
CMHRSAQLMEAI LAVWKCGAAYIPVDPNYPVARIRT ILEDSGAALVI TCDGLLPPELA
GIALVVSLDAATDAVDDSNPGRPVSPDSLAYVIYTSGS TGKPKGAMYEHAGMLNHMLA
EIDEFSISASSVIAQTAPHCEDISVWQFFTAPLVGGKTVIVDDDC IRDPARFVAYLET
TRISILELVPSYLSAVLDRASERPALMRHLRHLLVTGEMVSPALVKQWFDVEPAIPLY
NAYGPAEASDDVAQHRMTGAPSTPYVPVGKPIRNVRLYVVDPQMNLCPIGIPGELCYS
GVAVGRGYLNNEAATQDAFVEDPFHPQRGVRLYRTRDIGCYLPDGTIVLHGRKDHQLK
IRGYRIELGEIDQRRLADHSRKLRQAAALDYRDEAGRAALCAYVAFRDGASLSDAGIA

AALSATLPDYMVPGIYVVLDALPLSGNGKIDRNALPPLDRARLAATAHAPTPPRTPTE
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-continued
TLLCRIWGEALGIPSPGIHDNLFALGGDSILSMRIVSLAAKAGLKLTTRLI FQHPTVA
ELAAVATRGTVGAAAFVASSGPLPLTPIQKRFFAQGKHDPDQYNQAVLLDVPADLDPY
LLRQALRHAVKWHDALRLRFREGESGWTQEVVDDPEIPVVVSDIARDQLAQYVAQSHA
SLNLADGPVVRADLFRVDEGRSLRLLLVAHHLVVDGVSWGALLETVYDAYTRLRNGKA
PEFAGGSATWTAWTRAI STWAGSGAADADLAHWQALARAALPGLPLDRDAPADANTVS
SADTIVVELGHAATTALLGAAPRAYDAQVNDVLLAALAHAVSEWS GCADVLLDLEAHG
REELIDALDISRTVGWETSVEPVLLTVDAGSHDPASLVASVRTRLRAVPNAGI TYGLL
LDRLDGPLPQPRLQFNYLGQTDQLF TAAHDWKQAAHPSGDGRNANQLHEHLLD INAYV
TGNRLHVAWEFSRACHDTATILRVAQAYIAALETLVAGHAVPSAS TRPATALPQAPAP
ASVSPDEIADVYPLTPTQQGMLFHS LYEFASDAYFSSLNFRIDGALDVERFRRAWETV
AHRHDILRTS FHWEDIESPVQVVHRRIDLPWHDEDLRAAS AAEAEQRWEAYVAQDRAR
GFDFTRAPLMRLALFRVGEHAWRFHWSHHHILLDGWS SARLLSDVAAAYQAPPAEGAP
QRDAPPAFAGYVRWLARQDAAAAQRFWKTKLADFPATTPLVLGRPELDGTAAPGAYVE
EPLLLSESDTQRLVAFAQSRRLTLNTLAQGAWAQLLSRYSGESDVVFGT IVSGRPASL
PASDEMVGLFINTLPVRVR IDARPT SAWLAQLOMDLAQQEDYAHY PLAD IQKFAGLPP
GVPLFESLLIFQNYPVEEALADALPGLRIGAFEVSDPNNYPLTLVVTPGKRLSLQVLY
DDGRFDRDTIVRLLRHVETLLTGLAGAEDRPNRSVPLLAAAERDAILLGWNDTFAPVD
SDRTLPELIEAVAAAHPERVAVRCGTEVRTYRDLVEGANR IAAHLLQTAFLQPDDRIA
VWMPRS PLMLET ILATWKCGAAYVPVDPAYPAQRVETILTLARPAVIVTTDCVPPPAL
ASIPLVDPARLPDRRGAEAPAPVTPRCRPADLAYVIFTSGSTGQPKGAMVEHRGMLNE
VLAMARRVGLGAQSAVAQTASHCSD ISVWQCFAALASGGTTVIYPDAVILEPARLIDS
LHRDRITAMQFVPSYLATFLGELERHAAPAFPHLDTLLTIGETLOPATAQAWFRLNPA
VRLINAYGPTEASDSVAHYCLTRAPDGPAIPIGRPIENLRLYVVDADMNPCPAGVHGE
ICIGGVGVGRGYLFDEARTRAVFRDDPFSPEPGARL YRTGDIGCFGADGNLHFFGRRD
FQVKIRGYRIELGEIEAALTSLAGI SHAVVVARETSDAEMTLCGYASGTGWTPQRVRD
ALRDTLPAHMVPDTVMLLPALPVMPNGKINRAALPLPDAASVPDGVRAEPRTPVEAAL
LRLFAEVLGRRENGVDDDFFEHGGQSLKAIQMVSRI PHAALNVAVADIFHAPTPRALA
QRLAAMPVDGAADDDAT IPALAAQPSYAVSRAQKRIWLASRGADP STYNMAGALQLDG
AVDTARLVRAFDTLVDRHESLRTVFAMIEGELRQRVLSREASGFRVEQHDLADDAGEQ
AIDALIRAECEQPFDLASGPLFRVKLVRLSQEKHLLLLNMHHV ISDAWS IRVLTDDLH
ALYAGRDLPPLS IQYRDYAAWHNAS LAGPRAAAHRAYWLEQLAPPLPRLOLASDFPRP
ERLGHAGQTLEVELPQPHAAELATLARAHHTS LHAVLLASFCVLMHRYTGREDIVIGS
VSAGRDSEQLESQVGVYLNTVVLRVPVRKSATVAEVIDGVAKASAQALEHASYPFDVL
LEDLKIETPANHFPIFDIQVNHVSMPAPQPGLRITDISPADTTAKFDLSFQVVESEGR
HLIQFIYNTHLFRPSTIAAMRDRLLAIHDVFRRDPATPVDRIPLSDEAPAAGPRVRVG

LRLKRAPAVTADDALEEKT”

34
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CDS complement (26061 . . . 29981)
/note = “ORF7”
/codon_start = 1
/transl_table = 11
/product = “putative nonribosomal peptide synthetase”
/protein_id = “ACN32478.1"

/db_xref = “GI: 224016445”"

(SEQ ID NO: 13)
/translation = “MSELNLNALSTSGQYQEHVAFWNDALGRIDEDFRLQQAWQAYAL

PLGPEPALTFALDGDAAQVLERLAAGNELGAFVVLLAALFRVLGRYNGAAGLFVASPQ
LIVEPASGCAEPVPLLDAGEPGPTVRAYLNQLRDSVQRSYSYQDFPIAALAHKLHGER
RATNVGVRFDGLHEAWAAADYDLSIEIRHRERYEIVLTGRQTVFTLHYLQHVARHLRN
VVAGFGALDAPLDTVSLLDDEERARLRSHAAFVAVQGTFLEQFAQRVAAAPDSVAVVT
ADASLTYAELDDQASRLASFLLAEYAIERGDVVGVVADRSERWIVGMLGALKAGAVYL
PLDPEFPRERLRFMIEDAKVKALLTHSEHLPLLADFWAIPMFALDFQLDTLAPASASA
QVEVRPDDAAYIIYTSGSTGVPKGVVLEHAGLLNMAQYHVDAFGFDSADRFVQFYSPG
FDGSIMEIFVTLLAGARLVLAKTAVIRDVPRFVDYIAQQGVTTVNATPAYLAALDWHA
LGAVKRVISAGDSARVADLRELARTRTCHNSYGPTEATVCIADYVVDPAITYGARLPV
GRPIHNTHLYLLDEHGALAPEGCAGEICVSGIALARGYVGRDDLTAAAFVAHPFEAGE
RLYRTGDLGVWLPDGNLEVTGRRDTQVKIRGYRIEMGEIEAALRQHAGVADAIVEFVRE
DTPQHKQLVACVATATASVASLREHLKERLPEFMVPASIVTLERLPLTPNGKPDRKAL
AALELAFAPSETAYVAPANDVEARLGRIWCDVLGREPIGVHDNFFELGGDSILIIQVM
SLAQQVGLKFTADQFFAHPTIAELAQVATEAPSIRIAQEPVVGPAPLTPIQHWFFAQD
VADPHHYNQSTMIEVPASLRPDTIERALAAVATHHDALRLSFACVAGVWQQSHAAPPL
AIPLGVTSLADAAPAARQAAMLATATGMQESFTLSAPPLLRAHLFQFGPDAPQRLLAV
AHHLVIDGVSWRILFEDLYTACRQLEAGDAVQLPARTTAWRDWSTRLSGLGATALDGL
GLDYWLQGNAGEPACFDDMPAGTVAEAGSTIVEFDAQQTLALLQDVPRAFNTQINEVL
LTALLLAFGDWTGNASLVVDLEGHGREDIFDGVDTSRTIGWFTTHYPVCLNAGDATVA
VDALRHVKEQLRAVPMRGLGYGIARYLGEDAGIAAALERQPPAPVRFNYLGQVDRVLP
DDTGWKPVLDFQSPEHSPRARRGHLFEIDGMVFDGRLRLTWHYNREACAPGVIEQLTQ

CYRSRLLSIVAAGGDGPRALSPSDFPAARI SQEALDALVSRIKS”

CDS complement (29969 . . . 31585)
/note = “ORF8”
/codon_start = 1
/transl_table = 11
/product = “putative beta-lactamase domain protein”
/protein_id = “ACN32488.1"

/db_xref = “GI: 224016446"

(SEQ ID NO: 14)
/translation = “MTISSSAQVYLRONIQFEPLINSWYAWYHTLPPLTAALNVAERF

LPLLKSYAASPMMHAAACKDPAMRGGPFLDLGGQRVDEIRTLIHQTTQRATRQLELAK
AYKAFSTLLLERATGMASDPLYPEIPEVLKGYVEIYYDLNHNPSFRVFESLLYASPFY
ARDAQSIALSAIEEHTPRPFILSTPRLRDERTVFSNMAFDDRALDTLFRMRDTFGSYA
KIVDLMRVEEKDEPLFRSFFVEEAPAPKPDRSFDGDDIRIRYYGHACVLIQSRGVSIL
IDPVISYGYDTALPRYTFADLPDQIDYVLITHSHHDHIVLETLLQLRHKVKTVVVGRN
LDGFPQDPSMELALRKLGFDDVLEVRDAQEIKVPGGAI TAIPFMGEHNDLATIHSKQSF

MIRFGSRSVLCIADSCNLDPRLYEHVFRLAGKPDTLFVGMETEGAPPSWVYGPLFPKA
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LPRDIDQSRRARGCQFGEAAALVDDFAFNAAYVYAMGQEPWLNHLLDNTFDENSPSHI

QSTQFVAHCKAKGIASEILYATREIVLCQON”

CDS complement (31596 . . . 45005)
/note = “ORF9”
/codon_start = 1
/transl_table = 11
/product = “putative beta-ketoacyl synthase nonribosomal
peptide synthetase”
/protein_id = “ACN32489.1”

/dp_xref = “GI: 224016447"

(SEQ ID NO: 15)
/translation = “MNAKATHALKAALDELRLRRAEIAALRSDRNEPIAVIGMACRFP

GRSDTPDAFWQLLDGAHDAVTEVPGERWDIDRYYDPDPSTPGKMATRHGAFLERVDQF
DAAFFGIAPREATYLDPQORLLLEVAWEALENAHLAPERFRQSATGVYVGITCFDHAI
QVSNASMPSSSYAGTGSALNMAAGRLSFVLGLTGPSMAIDTACSSSLVCLHLACESLR
SRESNMALAGGVNLMLSPEVMVSFSQARMLSPDGRCKTFDAAADGYVRGEGCGMVVLK
RLADALADGDRVLGIVRGTAVDQGGAGGGLTVPSRDSQERVIRRALNQAGLAPGDVSY
VEAHGTGTSLGDPIEVEALAGVYGPGRAANEPLVIGSVKTNIGHLESASGIAGLIKVL
LSFEHDRIPAHLHF TQPNPHTPWQDIPIRVAADPVAWRRGERRRIAGVSAFGFSGTNA
HAIVEEPPVAPAHAAQRALLLLSARSEAALAALVPRYERAIAGATPQELAAICRAAAT
GRSHYPFRAAYVSGARVASAAAPRTGKALRMGFGFGVPDTGVAHALHASEPLFRDAFA
RCSVPLDALETDAGRFAIQFAWAELWKGWGLRPAVVSGHGIGEYVAACVAGVVSVADA
LRLVAARSDAEALRAVLRDMPLARPSVRLI SGYLGTDVTDEVTHPQYWLQLAGASDQA
DASHPPEGLADGWLPPPCAGDALERALAALYVQGAQFDWRALFPAPAQPATTLPNYPF
ERQRFSLEKIPSPIVGMDAGSIDAALRHLKSSGKYPEDMLNAFPDLLRTAFAAAETVA
SNAHPLYHVVWEQQAAMPAAPAAADASPWLIFADASGVGERLAALLRARGASCSLVRP
GIDYVTGAEAGWQVAPERPDDFVRLLNETAASGORIVFLWALDEAVGETRMSAALLHL
VHALVGSEREWTPSTRPRISVVTRDAVEAGEAPHVSGLAQAALSGLARGAMIEHPEWF
GTAIDLDPAAPENETQALLQEMLGESREEQVALRHGARHVARLSPLAPAETAALPVDP
DAAYLITGGFGALGLHTARWLAARGAGTLILVGRQGAASDESQRAIAELRERNVTLRC
ERLDIADPAAVAAFFAALRRDGVPLKGIVHAAGIVGYKPIMQVERDELDAVLQPKVAG
AWLLHQQSEHFPLDFFLLFSSIASAWGSREQAHY SAANRFLDALAHHRRGQGLPALSV
NWGPWAEGGMTFPEAEALLRRVGIRSLAADRALDVLNRLPAVPQVAVVDIDLALFQGS
YEARGPKPFLDHVRVAKSAPSAPAMPALSDASPRERKRLLADS IDRAVAQVLGYDAGT
LDRDLGFFEMGMDSLMALDVRTHLENALGI PLSVALLFDHPTVNALADFLAEQASGTA
QAQTVPPQQQPRPIAPAIEARDAGTPEPIAIVGMSCRFPGAAHDLDAYWNLLNDGVDA
ISEVPRERWDVDAYYDPDPEAPGRMYSRFGGFLDDVDQFDPAFFRITPREAAAMDPQQ
RLLLEVSHEALEHAGIPVDSLKGSRTGVFVGI TTNDYANLQLRNGGGSGIDGYFFTGN
PLNTAAGRISYGLGVQGPSMAIDTACSSSLTAIHTASQNLRSGECDLAIAGGVNLILS
PDNSIAVSRTRALAPDGRCKTFDAAADGFVRSEGCGALVLKRLSDALAAGDRVLAVLR
GSAVNHDGAS SGFTAPNGRAQEAVIRQALGGLPAASIDYVEAHGTGTPLGDPVELQAL
ATVFGAGRDAGRRLRVGSVKTNIGHTESAAGIAGVIKVVLSLNHDRLPAHLHFRQPSP
LVOWDAMPVEICAEASAWPRGERPRRAGVSAFGASGTNAHLVLEEAPAPARQATPSRH
KVHPLVLSAKTPAALRELAGRYQRRLEAEPGLDIAAVAFSAATGRSHFAHRLAWPVTS

LDDAIDKLRAFHAKEPAGAAQPAPRVKMAFLFTGQGSQYAGMGRRLYDAYPVFRDAID
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RCRAVADPLLDKPLLEVLSAQGEDIHQTGYSQPALFSLOYALTTLLASFGVVPDAVMG
HSVGEYAAACAAGVFSPEDGLRLIAERGRLMQALPRDGEMAAI FTDLATVERAIDAW
HEVAVAAVNGPASIVISGKRERIAMLVDAFAARD IRSVPLNTSHAFHSPLLEPMLDSF
QLAAKTVPVARPAIPFY SNLTGAVMDEAPTDTYWRRHCREPVQFASSVERLAEAGFNV
LVEIGPKPVLVNLARACCAPDAGIQFLALQRPQVEQQALIETLSSLYARGVDVDWAPT
ETPAPARIALPSYPFQRSRTWFQKADTSMTQTSASPTAAAPTHNRSGEI LEWLRGKIG
ELIQADPATINIELPFLEMGADS IVLIEAIRHIEAEYGVKLAMRRFFEDLATVQALAE
YVADNLPAAAAPSGAEAVAVAVAAAEPSTPAVAVTPSAAGLAPLAAAPAEWVAAEGGS
TVERVLREQNQLLSHVMSQQOMELLRTSLTGQPGVRPATAAVOAVASTASVAPKAASAA
PAAAPAAKPAPAAAAAPAADNPPPKPMMPWGS PVQORARGLSAAQQEHLEALIVRY TT
RTRKSKDSVQASRPVLADSRATVGFRFSTKEMLYPIVGDRAAGSRLWDIDGNEYIDFT
MGFGVHLFGHTPDF IQQQVTREWQRPLELGARSSLVGEVAARFARVTGLDRVAFSNTG
TEAVMTAMRLARAVTGRDKIVMF THSYHGHADGTLAAANAEGVTETIAPGVPFGSVEN
MILLDYGSDAALEAIRGMASTLAAVMVEPVQSRNPSLQPVAFLKELRRI TEEAGVALI
FDEMITGFRVHPGGSQAMFGIRADLATYGKI I GGGLPLGYV IAGTSRFMDAIDGGMATY
GDHSFPAADRTAFGGTFCQYPLAMAAALAVLEKI EQEGPALQAALNERTAQIAGTLNA
FFAEAEAP IKVTWFGSMFRFEFTENLDLFFYHMLEKGI YIWEWRTCFLSTAHTDADID
RFIRAVKDSVADLRRGGFIRPHSKHGTVAALS EAQROLWVLSEIDPEGSLAYNVNTTL
ELNGRLDEAAMRAAVQSLVDRHEALRTTVMADGSGQIVHPSLTLEIPLIDTDPNAWRE
QESRQPFDLVNGPLFRAALVRLGSERHLLVMTAHHI ICDGSTFGVLLEDLARAYAGAA
PADAPLQFRAYLKQLDGQRHS PETKANREYWLAQCARQAAPLNLPVDYPRPAVKTFHG
ERVSLHLDAATAATLRTAARQNGCTLYMVLLAGFNLFLHRVAGOQEIVTGIPVTGRSV
AGSDRLAGYCTHLLPLHSTLPEQATVASFLAGTRQNLLDALEHQDYPFAELVREIGAQ
RDLNAAPLVSAVFNLEPVSALPELPGLTVGLVAPLIRHTAFDLNVNVLDAGQALLIDC
DYNTDLFDAS TVQRFLDIYRTLLTHLADDASAAVARLPLS SDAERNLLTVEWNRTDTD
FGEDAAQPLHRLFEQQVERTPDAVAIVFDDTALTYAELNLRANRLAHHLVALGVGPDS
LVGVAMERSLDMSVALLAILKAGGAYVPVDPDYPAERVRFMIDHAQLRWLLTQQHLHD
ALPDTDAHVIVVDRDSLDLDAAATSNPAPALNGDNLAYMI YTSGS TGRPKGALNTHRA
ITNRILWMQHAYALGADDAVLQKTPFSFDVSVWELFWPLVTGARLVFARPGGQRETDY
LVELIERERI TTIHFVPSMLRAFLDHPDLDAHCASLRRVVCSGEALPHDLOORCLERL
DVELYNLYGPTEAAVDV TAWECRRDDPHRIVPIGRPIANTRLY IVDAQMQPTPIGVAG
ELLIGGTPVGRGYHGEPELSAEKFIADPFSADFLARLYRTGDLARYRPDGNIEFLGRI
DHQIKLRGLRIEPGEIEAALTSHPLVDAAVVALRGVDDGARLVGWLCSSHPEAELIEA
VRGHLRQRLPDYMVPSAFVVVSAFEHLPNGKLDRTRLPEPGDGLDHVAPVNALEAQLA
AIWQEVLGQARI STTGNFFDLGGNSLLATKVVARIRRDLHVKLEIRSLFALPTISSLA
KRIADTQPIDYAPVTPLPAQASYALSPAQTRLWVQDRLHAAQAEGPLPTSLLFEGVLD
VDALVRAFRALSERHEI LRTRFVLEGNQPVQHVLPPGEAAFPVEI VDLODAEDRDAQA
AATQASERLVPMDLATGPLFRVKLLRLSEVRHVCLCTMHHIVSDGWS TEVLLDDLSAL
YDAFVQRRDDPLPALPIQYKD YAGWLNRLLAGPDGARMKD YWL TKLGGGLRALELPGD

VEQPAAPSWKSWRFDLPAAETAALESLGKRHGATLFIALLSATIKALFYRRSGQEDIVV

40
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GTPVAGRELPELESQVGPYLNVLALRDRVAGDDRFDTLLTRVRDT TLEAFSHPLYPLD

RLLDELHIKRVAGRNPLFDIGLTLONQRHGPVDRYAGQVHIAELPDHDPQRADTEAAT
DFWFLAEPHAEGLAIRVVYHAGRFSEALVQGLANELTSVIGEVLANPGVRIRNLTLGQ
RALHAEARQPTVELSAF”
CDS complement (45002 . . . 48325)

/note = “ORF10”

/codon_start = 1

/transl_table = 11

/product = “putative short chain dehydrogenase/reductase

SDR”

/protein_id = “ACT64845.1”

/dp_xref = “GI: 314954101”"
/translation = “MKFGLMFFASSEEALSGNKYQLVMESARFADANGFSSVWVPERH
FTEFGSLYPNPAVLHAALAAATQRVKLVAGSVVAALHNPIRIAEEWSMVDNLSNGRVG
VSFASGWNPDDFVFAPDKYATRQDDML TTMRAVQHLWRGGTLDATNGVGKPVRLRVYP
TPVQPELPVWVTAASNPQTFVRAGEAGANLLTHVLDQDRDQLAHKIALYREARAKHGF
DPAAGTVSVMLHTFVGDDAAQAREQARVPFCNYIRSNIGLLNGLAQSRGQSVDVRAMG
ARELDEFVEFLYERFAQSRGLIGTPETCVELVRDLESIGVDEVACLLDFGPPVERILG
NLPQLRRLREMCAPRRSAAPTRFDAAEVQARCTETTSGADFNGEIRQHGVQIDGVEFDA
IRQIWRTTGEALGKISLPADALASSPYQVHPAFLDACSRVLAAAIDPDALESGDLYLP
SSIGAVRVHQPPASTEAWSHATLRTPIGQGALEGDIRVHDLAGRLLIEIDALRLQQVR
AARAVERHDFAALLYQRVWRPSNVDAATGGSAHGEWLI LADRGGVGAQLSALLEAHGD
TCTLRFADATPELPAADRPLKGVIHLWSLDLAPSDIAARRRASASVLHLVRALASRAP
SARQARLWLVTSGAMNVLDGESIAVAQAPLWGLGRAIAVEHAALWGGLVDLDPEQPSA
ADIMQAVQAGGREDMIAFRRDQHYVARIARDNREYVSHRPIRFHGDATYLVTGGLGGL
GLRLASWLADNGAGKIVLLGRGEPSAAAGKILRTLDARFIRADLSRREDVGQALGEIA
HSMPPLKGIFHLAGALDDALLTRQDDDFFHRAGSGKADGAWYLHELTAGLPLDHFVLE
SSMAALITMFGQGNYAAANSFLDALAQHRRAQGKPGLSVNWGFWAEIGHAATDYGRRA
HEQLGALGVGTLPPELAIATLERLMASGVAQSGVARIDWPTLFRVDAPAAGSALFSEL
TQPAAQPAQQETALLRQLHACAPRERVERI TDTLAAMLAETLRLSGPDAIAPEQSLLD
LGLDSLVALELTDRLTKVFGRPFRATLFFSYPNLQTLAQYVLNELSPSLPAPVVDEAS
DDLDEDDLSELIAQEIGAQ”
CDS complement (48322 . . . 52749)

/note = “ORF11”

/codon_start = 1

/transl_table = 11

/product = “putative beta-ketoacyl synthetase”

/protein id = “ADT64846.1"

/db_xref = “GI: 314954102"
/translation = “MLPDTKERTVTEILLFRGKVEPEKTAFIFLENGEAELTRLTFGD
LDKRARGIAARLQAIAQPGDRVLLVYPPGLEFICAWVGCLYAGLIGVPAYPPRRHRPA
DRLKAIVADATPVVALTDAATLDGIAHHADGYSDTLELKILATDQRFDAPAEQWRAPD
ITPQTLALLQYTSGSTGTPKGVMISHANILSNMAVIAEASDADAS TVEFVSWLPVFHDM
GFFGKVLLPIYLGVLSVLMAPAAFVQKPVRWLQAITKYRGTHCAAPDFAYDLCARKIA

DEARAQLDLSSWRVAFNGAEPVRAESVARFSRAFAACGFHAHTMRPVYGMAEATLFIS

GQPARSLPRVADYDADALAQGVATRNDSGKRHALVSCGRTWAEHRVRIVNPDTGERCA

(SEQ ID NO:

(SEQ ID NO:

16)

17)
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PGRIGEIWLTGPSVGVGYWNRIDETERTFRAKLDGDDARYLRTGDLGFVDGEDLEVTG

RLKDLIIVAGRNHYPQDLEQSAEGSHPALAPNASAAFSIHVDNVERVVVACEVRREAL
NTLDAEAVAAEIRHTLAEVHDVDLYAAVLLKPATILRTSSGKIQRSRIRQAFLDEQGL
ATAGEWRRAFSAPPAPPQTAEPRDTQALVQWCIERVSRLSGIASGKIDPDAPF SVHGL
DSKDAIMLSGELQDWLGRPVSPTVVYDFPSISLLARHLSGTGSAMPDQAPGSAEARAD
IAIVGMGCRFPGAGNPDAFWQLLLEGRDAVGAATQRAADLPLAGLLDQVDQFDAAFFG
ISAREAESMDPQORLLLEVAWETLEHAGIAPRSLAGGRTAVIVGISNSDYIRLAQDEV
ADVGPYVATGNALSVAANRISYALDLRGPSWAVDTACSSSLVAVHQACRALQRGESDA
ALAGGVNLILAPQLSASFTQAGMLSPDGRCKAFDAAANGYVRGEGVGMVLLKRLDDAL
ENGDTVFAVIRGSAVNQDGRSNGLTAPNGPAQQOAVIHGALRDAGVRAQDIGFVETHGT
GTPLGDPIELNSLAAVLNESRRPDDLCWIGSVKTNIGHLESAAGIASLIKTALALHHR
AIPPNLHFRSINPQIALDGTPFRIPRQVTPWNSEHGPRLAGVSSFGFGGTNAHLILSE
APGLPEIEAEPVAPAARVVTLSARTPDALQALAASYAAYLDAHPEAGVRDVAFTANTG
RTHFTQRAAIVAPSRDSLRAQLDSVSSGEPAETPPAVTFHFCADDGASADAVRQLRAA
SPAFDALMQRQSDASGAPALAPDEAGF TRFQRALAQLWMSFGIAPDAVSSTGDGQRAA
AAWAGVPQAPDSGAAGHPGIVIDIGAHTAAWDAILHTLAALYVRGASIDWDAVEQGAP
HRRLALPTYPFERRGFWIRPHARRHPLLGRLMEQHAHAPATWIWQSRLDAPATNFLDG
HRVKGSPVLPYSAFVEMALSATSEIGAAGHTTLKDLALHAPLPLHPHESHTVQTVLSR

RSWGPFSFAVYHRIDDTRAAATWQMCASAEIHESDRSHA”

CDS complement (52936 . . . 53922)
/note = “ORF12”
/codon_start = 1
/transl_table = 11
/product = “putative taurine catabolism dioxygenase”
/protein id = “ADT64847.1"

/db_xref = “GI: 314954103”

(SEQ ID NO: 18)
/translation = “MEGMTERKLLAEGSTPWLLEPVSNGRDLAQAVNDNRAALESRLL

EHGVLLFRGEDVSSVGGFEAFARAISAHQSDYVYRSTPRTSIGNGIFTATEYPPSETI
ALHCENAYQRSWPLRVAFCCLTPAATGGETPIADMREVSRRIGPRILDHFEARQVRYV
RHYRRHVDIPWETVFQTSDRNQVAAFCADNGIALEWLDDDTLRTAQINQGVAYHPVTG
ERVFFNQAHLFHISNLEASLASSIVSLFGEDRIPRNACHGDGSPFDLADLEQIRHAFR

ECAITFPWQRGDVLLVDNMRFAHGRNPFEGERKVVVSLLDPYTPDIEGIADR”

CDS complement (53999 . . . 55369)
/note = “ORF13”
/codon_start = 1
/transl_table = 11
/product = “putative transaminase”
/protein id = “ADT64848.1"

/db_xref = “GI: 314954104”

(SEQ ID NO: 19)
/translation = “MKRFSCASVHQSALQAGSARMEKLEYLKQVESNARTYATSFPRL

FTHAKGIRVRDADGQEYIDCLSNAGTLALGHNHPEVNEAVMRFLSSDOMOQALDLATP
AKHAFVEQLFSLLPGKIAESGKIQFCSPSGADGVEAAIKLTRHYTGRPT IMAFHGAYH
GMTSGALAASGNLTPKSAGGNGRDVHFLPYPYAFRCPFGTDGSATDQLSINYIRTVLS
DPESGITKPAAIIVEVVQGEGGCIPAPDTWLIELRELTLRHEIPLIVDEVQTGLGRTG
ALFAIEHSGIRPDVLVLSKAFGGGYPLSVVVYDERLDTWPPGAHAGTFRGNQIAMVAG

LSTMRIVEREDLSAHADRVGKLLVAGLEELAERFPCLGQIRGRGLMIGAEVVVPGTHG
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RAGPPHTERARAIKQNCLRNGLIVETGGRNGAVLRFLPPLIVSEADIHDILNRFEHAV

ETACRA”
CDS complement (55516 . . . 56466
/note = “ORF14”
/codon_start = 1
/transl_table = 11
/product = “putative epemerase/dehydratase”
/protein id = “ADT64849.1"

/db_xref = “GI: 314954105”

/translation = “MQRNRKRILVTGGAGFLGSHLCERLVELGHDVLCVDNYFTGTKQ
NVATLLGNPSFEALRHDVTFPLYVEVDEIYNLACPASPIHYQFDPVQTTKTSVMGAIN
MLGLAKRTHARVLQTSTSEVYGDPDVHPQPESYRGNVNPLGPRACYDEGKRCAETLFF
DYHRQONVRIKVVRIFNTYGPRMHPNDGRVVSNFIVQALRGEDITLYGDGSQTRAFCY
VDDMVDGLIRMMATPAELTGPINLGNPHEIAVSELAQIILRLTGSKSRLVFRPLPKDD

PTOQRCPDISLARTHLDWEPTIGLEAGLQRTIDYFCSTLAA”

CDS complement (56622 . . . 57341)
/note = “ORF15”
/codon_start = 1
/transl_table = 11
/product = “putative thioesterase”
/protein id = “ADT64850.1"

/db_xref = “GI: 314954106"

/translation = “MRLICFPYAGGSAAVYRTLQASLPGIEVCRHELAGRGSRLSEPA
VRDMATLVDTLLCDLDDCFDRPFALLGHSMGAATAAELALRLPAHARPNLRHLFVSAR
AAPGKERHDRRMQALDDRAFIDALREMGGTPKAVLDNS ELMALLMPALRADFTMIENH
RPVPGPRLAVDITAFAGRADKEI PVDAVAGWGAATTGRFDFHVIEGDHFFLRNEMRTM
AGIIAARMRRPEHAASSALQA"
CDS57710 . . . 57997

/note = “ORF16”

/codon_start = 1

/transl_table = 11

/product = “hypothetical protein”

/protein id = “ADT64851.1"
/db_xref = “GI: 314954107"

/translation = “MQHRQKAVPTQQVANERVIVTEWRFAPGAETGWHVHRHDYVVVP
QTDGQLLLETAQGNRESQLHAGRSYAGLKGVEHNVVNATDHEVVFVEVEIL”

ORIGIN

1 aattcctgca gcacggtgeg cgaccagece cagatgtccce cgctgagegt

61 ccggcegteg tgatggccag ctgegtetgg ccgaacageyg gegtcaatge
121 cecgatcacga tcegettgac gagatccgag atggactgeg agatcgaatc
181 tagttgtacg gctgegtgac ggcgcgcgac aggaacgget tgctgggegt
241 accttgagece acggettggt cgtgaacggg aaccagatgg cttccaccceg
301 tcgagaaacyg atgcgategt geggeccegte gtgeegggeg cggcgaacag
361 ggaatatcga cgtagctctg geagegtage cgetggtteg gecctgeegt
421 tcgacgacga gegctegece gatgtgegeg aggaacgcge cgatcteggg
481 tcgaaccggce gcagcacgta ttgetgeegg gecggatcga acacgaccge

541 accacgagat tgctcagcga gcecgtaggta tggccceggtt geaaggttte

601 ggcacggegyg tgcegtgtge atcgatcgeg agegegecge cgagegtgat

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:

gagtgcgaga
gecttegecy
ggagaacgga
cggegtecag
gceegagecyg
ttcggaggec
cagcgtgact
atcgctgege
cgtgagecgeg
accggecgeg

gtegeceggt

20)

21)

22)

23)
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661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

2641

2701

2761

2821

2881

2941

3001

gecggegegy
gagacgcecg
gtcagcgact
gtcagcggeyg
gcccagttga
tgcacggega
gggaagccgg
gtccageegy
cgeggegeag
ttttgcagat
tgcgacgege
ggcaatgege
gattgcttta
atecgegegeyg
aatcttcatg
gtcatgcatt
acgaattceg
ggtattttge
ttgecegtege
agctgaagec
aacgctectyg
ggtaaacgga
tgattgattt
aatgtctgaa
agaatcgttt
cgagecggeyg
atceggeaac
cegeateggyg
gegegetgge
gegegecgeg
gcacaacaag
tgageggtte
cceggatgact
cggegeggac
ggaaccggca
tcacatcaat
gggceggegga
gctgecatege
tttegecgat

gegggaaggt

47

caatcacgec
tttgggeggt
tegtegtatce
accagttgtg
cggttgegac
tctegeeget
geggtgtete
tgacgatgec
gttegtetet
tggaaagacyg
gggaagtgtt
ggccgcacat
attggeegte
gcgaageget
tttcgatttt
tceggtegaaa
agtcatttaa
aacgeggetyg
gtatattgaa
gggtcgatga
gatgaaaatt
tgtcgattta
ceggttegtyg
tegtegetat
cgetttttga
cegggtttte
gcgaatcgge
ctgaactggg
ggcggegegt
caaaccgtge
gagagtcaga
gcatccgaca
gaatggacgce
ggcgegecgg
gcegeateege
cegetgatge
tttecagtgec
acggecatcge
acgetgetge

gcgacggeac
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gaggccaace

gacgcgegece

gagcagcacg

cgtgtageeyg

gacgtecgteg

ccagttecagyg

gceggeegtt

ggccgccgceg

gaagtcgtga

acaaatgacg

gegegtgggt

catcacggac

ggceggttet

agccgtggcg

taaataaacc

gcgtagcaat

tatggaaatt

ceggtgtege

tcgattgttyg

gegggaggta

cgtggtatge

teggtgtatt

aaagatgtgt

catacgeggce

tcgegatttt

cgattcaggt

cgaaatggac

aacggcacgce

tgcecegectyg

cggttegeey

tgttegegaa

tgcatgecatt

tcgacgagec

gegatgacgg

cgttgaaceyg

dgcgeggeaa

atctegtgte

atcgegactt

cgctegtega

ceggtgegac

tgctecgageyg

ggacgcgccg

aggttcgcgg

cgcgggcgta

deggagegey

aacgcetget

cgcgegtgeg

agcttegeca

ctcatggtgt

cgttgagact

gggccaggat

gtctaatagg

gtcggcaage

atcgataaaa

cggecgeagt

ttatctateg

ttatgacggg

gCCantggg

agcgaatcga

gggtgaaatc

gthCCngg

cataataatg

tttaaaaaaa

tgggatatac

tctttgaatt

ttcaggecacyg

gtttcagect

cgtegteteg

aaaaaggcgce

gegettgegt

gctcgggaag

gctggtcgag

dgcgggcegaa

gegeggegey

gatcctggeg

tggcggcgaa

dggcaaggcey

ctegttgegt

gtggcatgcg

ggcaggcatg

tcegegageag
acgtgtcgac
cgeaggegec
tccgatagec
gegeggeggt
tgtaaagctg
ccgcaacctyg
tgtcggecag
gctccaattt
cgtgtggeaa
tgaaaaaaga
aaatcggaaa
agatagggag
gatgatttca
tcaaggttga
ggtgacaagce
aaatggctte
cttggagege
aataacgtcc
cgataattec
tgattattac
ccaatgageg
tagatgtegg
atggatcaaa
cgcegggaac
teeggeggeyg
tttgeggett
catgagcegg
gcgacgcage
tgtgccaggt
gtgatttcga
tcegatteege
gtegtecgey
ceggeagage
gcectgegace
gtegegeegt
aatcgeegtt
gagatgtecgt
tcegacgtgec

cceggegteyg

cgactccage

ggagacggcc

cgggtecage

gtttgegege

ccatacgtec

gatgtcggee

gtagagcggt

gaaggcgcga

ttcggaattyg

ttcgagcagyg

cggtgegtte

accgectgge

attcgacgga

cgtgaatatt

ttgacgatge

ggcggagttg

gtcegttgty

aaattatgct

ggaagacaat

tctetegaat

aaaagttcgt

gctegegaat

gctgactgea

ttcaatggaa

gegecegett

gegegtttte

cgecgagtege

acgcatcgge

gcgacccgac

cctcaageac

gcgcaggcag

tcacgatcac

tgcaatcget

acggcgagcyg

ggcagctcat

cgcgcgggcec

acgtgatctce

tcctgaagaa

ggcacggcga

aggegetgeg
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3061

3121

3181

3241

3301

3361

3421

3481

3541

3601

3661

3721

3781

3841

3901

3961

4021

4081

4141

4201

4261

4321

4381

4441

4501

4561

4621

4681

4741

4801

4861

4921

4981

5041

5101

5161

5221

5281

5341

5401

5461

ccacgagtte

agtgtgectce

gaaggagagc

ccggcacggyg

acaccgtcac

gccgcegggcec

tegeececag

ccatgacgec

ctttegegea

gtgcatgect

aatcgeegeyg

c¢gageggcecy

acgtgcgaga

gtgcgataca

gegtagegeg

atcgggeegt

ggcatctgeg

gegecgagge

atgcggatcet

cgteggetec

atgaagggat

ttaaacaccc

gcegtegaag

accttgteeyg

cegtategga

actgategtce

gcacttcata

tataaatcgg

tcgataacgce

tcagggtggc

tgatgcgatt

cectegeage

agaggceget

agacgagttc

cttcattgte

ccgacagggt

cgatcagaaa

gcagaacatt

cegtgagtac

gcaggaccge

tgtaattgaa
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gaatcgcgge
ggcctgeteg
acgatcgaga
ctcacgaaat
gccatcacge
ctecaggttec
cagctteegt
cgetgaagec
gcgegaageg
cgatectegeyg
ccacgegete
gcggagecga
gtteccttgag
acgagatcac
gcgacacgat
ggccggegag
gccegcaaca
tgegecaccte
cgtegacggyg
cgetgetega
tcectgatgag
ggttgcgaac
ceggtacgge
agtceggatc
gaagatgcgg
gtgggtgatg
ggaaaatcge
acgatccteg
gegggtggte
gaggtatttce
gaacaaatgg
gtcgtcaacy
gaggaccttyg
tceggeatga
acggtagttc
ttecacgttyg
gccgaattee
gatcagcatg
ggagggatcc
tacggtgatc

tcecegecacy
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tegegegege

cgggcaagat

cgtacatcaa

ggatgatcga

c¢geggacgeg

gaggegeggce

cgeggecceyg

cagcttgacyg

catggegatg

cgtegacagce

ceggecegat

atcgagegec

gaaggtcege

gtaacagtgg

cgeegectge

cgtgtegteg

gacagcggec

dggagggecy

gaccgecgeg

gatcgetteg

acgttgaagce

gcegtetgtaa

gcacggcgac

gctgeteate

ccgetateca

atgacaacgc

ttgaacaccyg

atgtacgege

gagtaggtcc

cgggecaaget

aaatcggtga

acttttcegt

ccaagegtge

atcgtcatgt

atcgtcacgt

ccegeaggge

gccagccggyg

gtcaagggee

acgacgecca

tggcegatge

cgcttegacy

gagggtcgtg
gctgegegaa
gcgagecgeg
cgatteegta
cgacgeatge
gacgcgtagt
gcegtetegt
gcegeecget
gcaggcaccyg
ttgacgeceyg
tgcgtegeey
gcgacatgge
tcctgeggey
ccecegettge
atgaggatga
acgtgcaggg
gegeecggtet
tceggeacgt
gcgatcaggt
ccgacgtgtyg
tgcgettgtyg
cggattgeeg
cgttgegece
cggetgecte
ggcgaatgac
atttcecegeyg
gatcctgatce
aaagcagegce
ggccggaaat
cgatgettte
agacggegga
cgagggaaat
tcttgeeget
cgatggggec
ctttcaacte
geggttecte
cgagegeggt
ccatcatgta
gagaaggtac
tgtegeeget

acaattcgat

ttgtcggege
atggceggeyg
gtgaagcteg
cegtgegegt
cgeegggeat
cgegecageat
cgagcatcca
tcaggtaggt
tgtcaccgge
cttgctgeag
gceggegegge
tctegacgat
agaaatcgtc
gggtcacgag
agcggtcgag
ggctegtgee
tcegegagege
cgtegatege
tgtacatcat
cgaacaatct
cgcatgaatg
ggacagacgce
gtctgegacy
ggceccggacg
ccgateegec
tgatttcaga
ggcggeccat
caagcgettyg
ctecgatcttyg
attgcccega
aaacaggttt
cgtgeegeey
gceegtttecyg
gagcacgaag
gatgaccttce
gtgtgaggce
cttgeetteg
gagcacggece
gcecgaacage
catgaaccag

c¢geggcegegy

gtgaaaacga

agcteggtgt

gcatcagegg

cggeggegtyg

gegegttegg

gctteteaty

gegegtcagg

ttcgacggty

caggagtgec

gegatceggeg

ggtcgtcaca

cggaaacage

gaacgtacag

gtggaattge

ctgegegtgg

¢gggegegge

cgegeagaca

aagctccgaa

ceggggaaaa

gctgaactee

ccgacatgat

aacattgceg

gatggcgcgc

gcacacatgg

agcttgaagt

tcegggaacca

tcegtccagga

cgttgeectyg

tcegecagtt

tceggtecga

cggtagegtt

gtaggcgcat

ccgatcacgt

tcgaccgatg

catgacttgg

tgcgtgtegt

gccaccaccyg

agaatgctcg

aggcatccga

aagcgtteta

gtaaaccagce
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5521

5581

5641

5701

5761

5821

5881

5941

6001

6061

6121

6181

6241

6301

6361

6421

6481

6541

6601

6661

6721

6781

6841

6901

6961

7021

7081

7141

7201

7261

7321

7381

7441

7501

7561

7621

7681

7741

7801

7861

gtcgectgge

cgttgaactg

aaaacagata

acgagagata

tcgggatggt

cattgggggc

ggttgacgcg

agctectgea

gatcatcctyg

cgetgacgag

gggtggegge

aggtctcagt

gaggtttegt

aacaggatgc

teggecacge

agccecgact

tacatgagga

acgccggcegyg

tceceggtgaa

agttgcatga

gttaccagce

ccatgatgte

tgaacgtctyg

tcegegatgaa

ccacggectt

ggaacagcat

aatcggegte

tegectgttt

ggctcaacga

tgaggatgtt

ccaggttgat

gggegttttt

cagcatggtce

agaccatccc

gccgggatcg

cggcgegtag

ggacccggcg

ctggeegteyg

gaaggtgccg

gtaagtggcg
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ceggttgage
gacgaattca
aagcaccagg
ggcgagatag
cagcagggtc
gcegegtety
caacctegte
gaccaccgeg
gtcgtgcage
gccegteacy
ggaatgccat
tgatcaggtyg
gecttgeccag
agcacttcag
ttegecaacge
cgatetgeeyg
tgtaatcgat
tcgattegea
gcgcatccag
tgttcagtgg
gtceggaatyg
ggagtagccg
ctgcaggacyg
tgegtegtaa
gacgatgtte
gtgccagteg
gaagaacgcg
caccgeggeyg
ttecggeacy
ctgetetgeg
gcagaccttyg
tccagaaacy
aggtggtege
caggtegegt
cgeteggtge
tgcgacttga
tceegegaacce
ggatcgagat
atttegtggg

gccgagetgt
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ttgagctect

tcegegaacee

ccgacgaggyg

gcgatgetge

tggctcagtt

tcgattteat

atgactttca

acgacattca

acggtgetga

accgtgecca

ggcggcgatt

gctgagtteg

gaacgtgatg

caggegetge

ggcctegace

aagaaattgc

ccegeagttte

tttcccatat

cgeggecttyg

cctgtegagt

ggcatggaat

gactcetgte

aggttgttge

agcgagttec

dgcgcegacgyg

tceggeactt

tcegtectega

agatggctca

ctcaccagec

aattttegtt

cgggcaaaag

aattgacatg

cggggacgtc

ccaggegaag

tgcggaacaa

agttggectg

agctgeegeg

ggacgaggte

cgategegac

cgatgggcgc

tgatgcegaa

gctecgtaaa

tcaggatgat

agatcaggac

gcggaatgte

ccagcggggt

tgcaggcata

ccgegatgaa

tcaaccegac

gcegtcageca

tgctttgage

acattgettg

cttteccacga

gcacgetece

gaggceggecey

aggagcgtgc

ttcgtgatca

gccagtgaaa

acgaacgeeg

gttggatcge

aggtcagcgg

cgaccagatt

ggtcgttgat

tgacgacgta

gaatcggcgg

gcgegatgaa

agatcaggac

tegtgeagec

ttgcatecgac

gcatcgette

tattgtcgat

dgcggegagy

cgtcacegeyg

ctgegegatce

cgegategge

atagacgegce

gtcgecgatce

cgctegegte

cagccatteg

ggacgegtceg

cacgaggeca

attgaccgec

cgtegacgeyg

gactgattga

ctgtgtcage

tgccaggatc

ggagggcatc

cagcagcaac

gceegegate

gggatgactg

ggaatccatg

ccgetgatet

ttcccagegy

agccgacgec

tccagtette

ggggattgct

gcggaaaaat

tcegegtegec

cttegaggte

ggcgagcacg

ctteteegge

cggetegaag

¢geeggeggy

cgcgtgegeg

cgtgaagtga

ctegggaaag

ttctetegea

gtagtcctge

ggcaggcagc

ccageggteg

cgteggegtt

acaccggeat

acggggtgcg

tceggacgacy

acgggcagcyg

aggtaggcgc

cgttegagga

acctgaaggt

gtgtcgtece

aagatcgeca

tgtgtgtatt

ttccgataga

aacacgatcc

acgatgatcg

atggtcagca

cgtttgcaca

acggcggcgce

agcgtetgge

gacgcgatge

cgccacatca

agtggccaat

caacctegac

cgaatcggaa

gtceggtgaa

gcteegtgee

ttcgatgetyg

caggtegatce

gagcttgeag

aacggtggtg

dgcggeagge

atcacttegt

cagtagcaat

ttttegttga

gtgagcgtet

tacgcgececa

¢gegeggega

ceggeggect

gcacgcatat

cgttecaceyg

gggcgecggt

gatttcatga

gcggatcgag

ccgagaageg

gcgegtagte

gggtggcgtyg

gcaggcggtc

tcaggeegge

cggteccgag

agtcctgeca

gcaatttcac
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7921

7981

8041

8101

8161

8221

8281

8341

8401

8461

8521

8581

8641

8701

8761

8821

8881

8941

9001

9061

9121

9181

9241

9301

9361

9421

9481

9541

9601

9661

9721

9781

9841

9901

9961

10021

10081

10141

10201

10261

10321

gtcggegece

gtggceegee

ggccgcgatg

cagceegtga

gttececegecey

cacgageceg

gatcgtcgga

atgggeccatc

gaccgegatyg

cgecgeatge

ceeggeceeyg

gceggtcaac

catctgecge

gegetegtte

gtcgaggatce

gaagaccagce

atcgaccagce

cagccatteg

gaacagcecc

gccgaagacyg

gatcagcacyg

cgectegtec

cgectgeagy

gcgecaccac

gtatcccgge

gtcgaacacc

gctecageag

cgegegetge

c¢gcgegygcegy

gtgccgtacy

ggcatggcgc

gctgacgaca

gaacaggatg

ggtgtcgggyg

ctegacegte

gtcggcaacy

cgaaccgagg

ctgeeegtga

ggcggegteg

gcegeagetge

gagcacgacg
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ttggegacca
aggtagtacg
tcttecacge
atcgegtgag
gegeceggea
cecggegggey
ttectegaaga
agctggateg
tegtetettt
gcgacggege
ctgegeggeyg
tggececgggt
acgaccteeg
gggtgcacgg
tcegatgtegt
aggctgtega
gagctgtacyg
atgaacgggce
acgatcgact
acgtegteeg
ttgagggtga
agcaggaatt
gecggactgg
gtttegtegy
gccgacgecg
tcctteatea
aagcgatggce
agatcgaagc
gacgcatcge
gtctggacgyg
gcgagegeat
aagctgaact
ceectgttgea
accgacgeceyg
tgececgeeggt
gcegegacga
tctteggeey
tagttgaaga
gggctctggt
tgcegtgegy

gggtagatgg
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gttgcetget

gacccgegece

gggtgagegg

cgeegeteag

gcaggaagag

cggacggtte

gacaggaaat

cgatgatcga

tgaagatceg

gegecgecge

cgcteggeey

tcteggegaa

gegegatgeg

tcagggtcag

ceggecegag

acagactgtc

aatgeggetce

gCthggCgC

cgacgeegte

ttceggegty

cgecgatgegt

gCtgggtCCg

cegegacegyg

c¢cgagcgagyg

cgaccgcggyg

gggtegeggt

gegtgteegt

cgegecgecy

ggtgcegeca

gatggtcgcg

tggcecacge

gctggaagta

gcgacgagag

cgaagtegag

ggagcegete

tctegaagge

cegggegeca

ggatatcgge

agcggagceag

cacgcagegce

acgtgaacca

catttecgage

caccageggce

ctegeacgeyg

gtggttcgeg

c¢ggegeggey

tttegeggec

cggcagectyg

gtggcegece

ccgecagatce

ggccgeaccyg

gCCgthgCg

tcegetegage

gtgggcatcg

cgggtagtte

atcgggggcyg

gecggegggce

catcgeegte

gatccgcagyg

gagcatcgge

gcegecgcage

gegegtgage

gegettgtee

cgtggeggece

atgacgegeg

catgceggtyg

gctecagecyg

ttcectggate

gththgCg

gtcaaggaac

atcggeecac

ctgceggage

dgcggcagga

cggatagetg

caaccggtec

gcegtagege

atgegtgege

gccateggat

ctteggeaac

cgaataaccg

ttgcteegge

gcccaccgte

gccacgtgeg

cagatgegtt

cegtegagge

agcegggcegga

gggCCgCCgt

agcgeegeceyg

cgatcgaacyg

aggtcgaaat

tccagcaacy

gcageggett

gccggcggat

aacgtgcgga

tgcgaaatat

gattccgega

gcggcaaccyg

agttecgetec

tgggctgcgt

cgcageggea

dggcgaccegy

accaacgccc

gtttgcagee

tgcegegggg

ttgaagcegyg

agccagtega

c¢gggcgageg

tcgaggatga

agcgtgcagce

aggaacgcat

gtccatggea

gcgaacgegy

gceggeacct

tccaggtegt

tcctegatat

ctgaagtgeg

cagtccacct

tgcgaccgec

tgccgcaata

deggcegagac

agaccgtegg

gegtgeateg

cgggtgaggt

cgccgaacga

cgatatgacg

cgagegette

agtagaccac

cgcgaategyg

ccagtttete

ccttetegac

agttgteget

tgctttegte

cgatggccgg

cggcgagctg

gggtatcgag

ggaagccgat

anCgnggt

ggaagttcte

acgactggat

ggacctetge

gegtgttgat

acacggtgac

agaccgegeg

gegeggecag

catcgeeggt

ccagttegge

tgtacgegeg

acaggtagtc

tgtggtgcge

ggaacaacgg

cgaaatcctyg

ggtcgacegt

tgcgcagcac

dgagcegggcec

acagcgaatg

cgteegetge

cggecaggtt

ggagcttgee

cggcgcgcag

cggtatcgag

tgtegegeac

ccggaateeg

cgteggegte

¢gageggege
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10381

10441

10501

10561

10621

10681

10741

10801

10861

10921

10981

11041

11101

11161

11221

11281

11341

11401

11461

11521

11581

11641

11701

11761

11821

11881

11941

12001

12061

12121

12181

12241

12301

12361

12421

12481

12541

12601

12661

12721

atccgacacyg

catgetgeag

cegeggeage

cgacgegteg

ctegacggge

cegggecagt

ngCtggCCg

caccgecagg

gagccgggcec

ggcggcacgc

gagcgecgge

gaaacgcagt

cgatgegteg

atcgatctec

gctcaaggte

ctgatactgg

cacctggatg

ggaaggcaac

ggcaggtgca

gttgatcttg

catgtagteg

ggtcgegaca

gtcgtegace

gcegegeage

gtagcgegeg

ggcgatgaac

gcegecgate

gatgtagagg

gegecggeat

gagcttgacyg

gctgcacacyg

cgegegeagce

gaccaggtag

gacgagcggce

cacggcateg

cgcgcgatgg

gtaggcgagg

gtcgagcgag

cagatgetge

ctcggegggyg
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tggeggecgt
gettgegega
cggegeagea
tcegactgegt
tgcgcgagga
tgctgeagat
tggtaagcgg
tgatggateg
gccagcaacyg
atcgecgeca
atctegecge
cgcaacgeat
atatcegeeg
tgttecgaaga
ggcgegcagg
aacagctget
ctcaggateg
tgcagcacgt
tgcggetggg
cegttgggea
gcgagettge
taggcgatca
gacggatgcg
ttgatctggt
aggtcgecgg
tttteggege
agcaattcge
cgggtgttgg
tcecacgegy
tccaggeget
acgeggegea
atcgacggea
teggtetege
cagaagagtt
teggegtega
gtgttgagcg
ttgtegeegt
tcegegatega
tgggtgagga

tagtcggggt
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gactctcgag

gegegacgag

acgeggtggt

tgttggecge

gggcttgeca

gcaacgceca

catgcaggtc

acacgaacag

ggccatgegt

ggcgctegee

cggegacgac

cgtgatgtte

gcacctggat

accagtgetg

ctgeeegete

tcegeegteac

agtcgeegec

ctatgcagat

cegegtegec

gcatcggcaa

cgcecagata

ggaacgtteg

cgegeagege

gatcgatgeg

tgcggtagag

tcagtteggyg

cggecacgec

cgatgggeeyg

tcacgtegac

cgaggcaacyg

gcgacgegea

cgaaatggat

gcetggecgee

cccagaccga

gcgcatagge

cgeecttggyg

tcagcgcggg

cgacgatcac

gccagegceaa

cgacggggac

atcgatcege

caggacgteg

atcggetteg

gcecegtgect

cagcegtget

ttcgeggaac

ctecgagaagce

degggegage

gatgtcgatg

tgcgtegteg

ctgetgggte

gtagacctge

caggaccgtc

caccggegta

CthggCgCg

gcgecageect

gagttcgaag

cgacgecagce

ccgateegec

ggattcaagg

gcegegcaga

ggctectteg

cgectegatt

gcecgaggaac

gegegegage

ttegeegtgyg

gatcggcgtg

gcegategge

ggngCCth

ctgetgeagyg

gtgcgegteg

cgtggtgatg

dggggcgggcy

gacgtcgaag

gtgctgcatce

gngCngtC

tgcggggttyg

gtgcgegteg

ctgegegtgg

gtaggcgccg

gtgcgggtgt
ttgatgcggyg
cccagetega
ggatagtcaa
tegtegecga
gaagtcgtet
acgegecatg
ggctegtegy
cegegeteey
gcgatcacct
cageggeceeg
cggaacgegt
tggttgtagt
agcggegeat
geggecaget
gcectgattygyg
aaattgtegt
aggatttcecc
ggaagcggea
gcgaagaact
tceggegatgt
gttttegega
tcaccgggtt
tcegatgttge
gggtcggecyg
tagcecgegec
ggctgeatcet
acgatgeggt
gtggggcegt
tcatggggea
aggtccggat
cgttegeget
aacacgaggc
ctgaacgggyg
cagaggatgce
gagccggacyg
gacgtcgecg
gtgtcgggea
tcgatcatga

ceggecttga

taccecgtgac

tgtcegtagge

atgaaacgga

ceggeategyg

tggegggcga

tccegggeaa

acacgcegte

ccaggcagaa

cgtcagegge

gtttcgcaaa

catcgtgega

cggecagect

gegacggege

cgeecagegy

gcgegategt

cgegegegat

ggatgccgac

geggegtgac

gegecttgeyg

gcgacggcac

ccggcgcecgge

tcacgacgca

cgatgegeag

CgthggCCg

agaacggatc

cgaccggtgt

gegegtegac

gcggategte

agaggttgta

aggcctegec

gatcgaggaa

cgatgagetce

gegegecggt

tcttetgeag

ggttggtgat

tgtagatcat

cggegtcgag

gegegtegtyg

agcgcacgeg

ggatcgcgag
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12781

12841

12901

12961

13021

13081

13141

13201

13261

13321

13381

13441

13501

13561

13621

13681

13741

13801

13861

13921

13981

14041

14101

14161

14221

14281

14341

14401

14461

14521

14581

14641

14701

14761

14821

14881

14941

15001

15061

15121

15181

cagggcaacyg

gacgccgage

ggtgagcgeg

ctegaacagg

ccactegacyg

ceggtecgga

gatcgtggeg

ggcatcctga

cgtggecacy

gacctggaac

ctegaacgga

caggtegeeyg

gaagccgatce

gaggtectge

gaacgtgcetyg

cagctggaac

gggcagttcg

atgegtgteg

ggccagttee

tgacgaccat

atggacgcga

ggcttectee

cgegacegge

cgtgcgecagg

gtcgagtteg

cagttgegeg

¢gageggggce

gtcggacacce

gaagctgete

gaagaagcgyg

cagttegege

cagggccagg

cgggatgatg

gtteggcacy

ggcggattcg

ctegateteg

gtagcactgyg

cgettegeey

gtagcecgegt

cggeegeage

caccgtggge
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ctecatgtega
gegacgaggt
gtgtcatcga
cggtgeageyg
gtcagcaggt
tceggegatcea
gcegtegaaca
acatgaageg
agacegggga
accggegtge
atctectgge
aaggtcggat
agcggcetcegg
tggttgetgt
gtgccggacy
ggcaggaccg
atcaggtceg
gcggacgeca
ggcagcgact
gcatcggaaa
tacagcacga
gcgagcageg
geceggeggeg
atctegtgac
ccttegaage
aggaaccaca
gggatggege
gegetgatgyg
cagatcegeg
ceggegagat
tgaatcggeyg
agegecgggce
tcggacggga
ctecaggeteg
cgecageatga
ccgagttega
atacgteegt
ggaaacggat
gcaaggccgg
gegtegtega

ggcgegtect
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gcgaacgete

ggtgggcgag

agacgatcgce

gttgegegge

tcegeteage

cggeategac

gatccaggtt

tgaggtcgaa

agctcactge

ggcccaggtt

ggctgtagee

tgcecegacag

tcatgetgga

atcgegacag

cacgggcaat

cgecegeggaa

gegegtecge

ggCgCthtg

cgceggeata

cgatgtgatg

cgcgatagag

cgagegtgte

caatgegttyg

gceggetgat

gcagcgeget

gceegetgetyg

cggeegtega

tctggagtte

agaccagttg

cgacggccgyg

tggcgtcgag

gatccagett

ccatgtagte

cggegeectt

cegeegegec

cacggtgecc

cgggeageca

gctegacgaa

cgccggcgayg

gcatgtacac

cgacgegete

catggcgacyg

geggttggeg

gacggcatcg

gtecctegecey

gtcattcgac

gagcgtgegg

gtattccage

cttegeggtyg

Cngggtth

gegttegage

gtccagegeyg

gtccacgege

acgccgattyg

gagcagcgca

c¢gegegeagyg

ctgetggacy

cagegeggeyg

ctgccacacy

gagegeggec

catcacgatg

cggccecggceyg

ggattecgetyg

aacccegegyg

ctecggacacyg

cgagatgttg

cggaaaggac

gecggggtgy

gaagatcgeg

catggettge

attgtcgagce

aggggcttec

gCCgttggCg

cggcagette

gacgtaggcc

gacgacgtce

gcggatcettyg

ceggecgatyg

tttegeggey

gcagatttce

Cnggtgth

gacgatgcag

ccgacgageg

cgcaggttga

ggCgthgCt

aaatcegtgt

aacgacageg

aagtgttceg

gagccegega

tgggtcteca

getttetegt

tcgagegagt

acgegettea

agcgcgagea

gegatcgggg

tacgcggega

cegteggege

gegggeceggy

ctcaggageg

gcegtagtecg

agttcgeega

ccgaagacgt

gcgagatcga

gcgacgtega

cegtegacgg

gcaaaccgca

taggtggccg

agcggcaggt

ggcgacgacg

tcgatgecega

agcgaatcgce

acgtecgegec

tcgggegegyg

ttgagcggga

ceggecaggt

gccagettge

tegtgegegyg

acctggtggt

tegeeggtge

gtgacgtegg

cegggeacgce

gcgatgggac

ccgacegteyg

agtcggggcc

gttceggegta

cgacctgetyg

cggtgcggtt

c¢gccgagegy

ccatgegatce

ggcegtegte

cegecacegyg

atgcgaacac

ccaccacctyg

cgegegecag

tgttcgecgaa

agccgatgac

gcacgaccat

gtteggeget

ggeggteggt

ccageteeeg

cgtactgeac

tgaggatgcc

gcaggegete

anggngtC

cgacgtegag

cgggaaacgt

ggcgcgcgac

acgggectte

cgttegegeyg

cttegatcag

tctegacgga

cgecegtagte

agatgcgcac

cggcaggete

attcggegat

aggcccgeag

gcacceegty

cgatecgegge

cgacgegtec

gatagatgcg

gCCgCtggtg

cgagcggaac

ggccgatcag

CCthgtggg
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15241

15301

15361

15421

15481

15541

15601

15661

15721

15781

15841

15901

15961

16021

16081

16141

16201

16261

16321

16381

16441

16501

16561

16621

16681

16741

16801

16861

16921

16981

17041

17101

17161

17221

17281

17341

17401

17461

17521

17581

accgtacteg

gggcgtcagt

gtattccage

ctggaacatc

cttgeegege

gtacaggccg

gtagtgggcc

cgtgtagagce

cggetgecag

ctgegegage

attgatcege

gatgccgaga

tteecggecey

caggtcggcg

tgcgacctgyg

ttegttgaac

ggcgecgteg

gatgatgaaa

caggtgcaac

cagcgegact

cagcgggaat

gtcctegatyg

cgacggatge

ccagageagg

gatgcgeege

acceggetge

getttegege

gtcttgcaca

cacggegege

gthgCCgtg

dgegggegec

gacgtcgtgg

gtgggtgttyg

caggtcgaac

cggcgcecggce

cgtgeggatce

ttgcgcggag

cggeacgege

gtcgegeceey

cagcacgcag

59

ttgtagattt
tcectegeege
aggtgaatgt
cgggecagga

accagegggce

aaactgeegyg
aggtteceggt
acgtaggeca
ceggggagtt
tgactcgact
teggecggat
atcgegacga
acgeegtggt
taggtcatca
gcttegaaca
geggecagea
aggtgttcga
ggctegatgg
tgcagatcgt
ttegtgaget
cgaggetegyg
cgetegtegy
ceggecagec
aacgcgatgce
aacaggtcga
tggetegggg
cagaaacgeg
ggaaactect
gcegetegaa
acegegggey
tegteggaga
atcgegagea
tagatgaact
ttggeegteyg
atcgacacgt
ttcaggtett
gctttegeca
agcacgacgg
gccgacacge

aacgacgcca
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cgatcgcggg

ccacgatcac

gggtgggegt

tggtgtegat

agaagatgtt

tegtgettte

gttcgagceag

ggtgegeegg

cctggtecag

gggtcaccag

anngggtC

tcatccattce

gttecgegeaa

gcgaactgte

tggcgacgac

gnggCCCtg

atgcctecag

cceegetgta

cgteecgace

gegegagege

cgtagetgte

ggcggaccte

ceggegtgec

cegeegeage

gegacgeggy

cgtacgecge

cggtggctgc

tgagacgttt

ccececggeggyg

cgegetteag

gegggatgeg

gtcgatcgeg

ggatcaggtg

tgtecegecgy

ggttcacctyg

ccagcaacac

ccecegtegat

tgttgaggta

tgccgatgac

gtagcaccge

atcgatcttg

cttgegeacy

gagcttgagg

gctttecgac

ggtgagcgtyg

cggaaagtaa

gcagecettty

ttcggeacgyg

cagcagegte

cagcgacagg

cagcggaacyg

ggaacggtcg

gtgatgcgeg

ggtgaccagg

cgtecgggtgg

ttCngngg

caccgeggeyg

acgaageteg

ggtcggtgcyg

catgtecttt

ttccacgatc

gatgatcagce

gagcaccgtyg

gacggcgaat

cgtgagecge

gattcecgtac

atagcgatgg

tgttcacctyg

cgegeatcac

gcgcaggccg

atcgaceggce

catcgeggeyg

ceggectteg

cgagatgtec

aatgtcgaag

gtcgaacgga

caccteegeyg

cacgcegace

gatgtcctca

gtggagcgac

cgcagegtygyg
ccggagegtyg
gtgtcgacge
tgcggataga
aagtcgaagc
taccecggegy
ggtttccegy
tgcggegggt
acgccggaga
ccegtgtege
aacgcegecc
agcatgatgce
aggctgttgg
geeggegecg
ctggggccgg
gcegettega
aggctgeegyg
atttecgeege
tggtgcacge
tegttgegea
ceggecacge
ggaacgatgg
accggaatcc
tceggcaaget
accgageggyg
acgccggega
tceggtgacca
aaacaacctg
gtcttetect
acccggacte
gtggccggat
atggtcgacyg
cttteccacga
gtgatgcgaa
atcgggaaat
taggacgcat
accgtegegyg
tgcgattega
cgeecegtgt

gtgtggtgag

cgatgtgetyg

ccaggtteat

CgCthngg

tgcgcagegt

agagcgagct

cccacgegat

tcgageccga

tgtceggeag

attcatacca

cgaggatgtg

cegectteag

cgaccagcga

ccegegegtt

thgCgthg

cegtegeggt

tgtegecgac

cgaaaccgte

gegegagecy

ggtcegteege

cgagegttte

gcgacaggta

cggcccgggce

ggaagtattt

cgeegtegec

tcagcgggcg

ccegggaaag

gcacgttatt

aagcagcacg

cgagegegte

gegggeegge

cgcgacggaa

ggcggaacag

cctggaagga

ggCCtggCtg

ggtthCng

gctecagege

atttcegeac

gcetgeteget

agcggtgeat

cgcgggccag
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17641

17701

17761

17821

17881

17941

18001

18061

18121

18181

18241

18301

18361

18421

18481

18541

18601

18661

18721

18781

18841

18901

18961

19021

19081

19141

19201

19261

19321

19381

19441

19501

19561

19621

19681

19741

19801

19861

19921

19981

20041

cgtegegagt
accgagecgce
cagttgeteg
gtgccacgeyg
cagcgeatge
catgttcagce
cgggeccgac
ttgeggecey
getgaggacyg
gtggegatcg
cagctgeagce
gatccgette
cgegtegteg
cggegtegge
gctgaccatce
gcegttegge
cgtgegeggt
ggcgeggttyg
gggcaccatg
gceggttece
caccacggeyg
gatgeggtag
gtcegeceey
gaacggatcg
gacgccgacyg
ggcatccacyg
atceggegeyg
ggcgttgatg
cagegttteg
ttecagtteg
gtcgeggtge
caccgtegtyg
gtgcgaagcg
gagcacgtga
acccgacgtyg
cggegetteg
cagegeegge
gatggtcteg
cttecagatg

ceggtegtec

ttegacgagyg
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tceegeegegt
tegggacgeyg
agccagtacyg
gcegtagtege
aggtcgtcegg
agcaacagat
gcgagatcega
gcatcgteceg
cgttgeegea
accagegtgt
gegecegeca
tgtgcacgag
teggeggege
gcatggaaga
tggatcgect
cggeggecga
teggecegea
atcttgeegt
tgegecggea
gacgcgtage
tgggaaatgce
ccacggatet
aagcagecga
tcegeggaaca
ccecegatge
acgtagaggce
cgegteagge
agecggacgg
ccgategtea
ccgagaaagg
aggctgtega
cegeccgacy
gtctgggega
ttgagcatgce
aagatcacgt
gegecgegac
ggcggcacge
accegetggyg
gccaggateg
ggctgcageg

tcacggtagyg
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geggetgegyg

ggaagtcgga

cgegatgege

gatactggat

tcagecacgeyg

gcttetecty

acggetgete

cgagategeg

actegectte

cgaatgecacyg

tgttgtacgt

acaccgegta

cgtcgacggg

tgteggegac

tgaggetttyg

gcacctegge

CgCCgthgg

tceggeatgac

gegtgtegeg

cgcacagggt

cggcaagact

tgacctggaa

tgtegeeggt

cegeecgggt

agatctegec

gcaggttete

agtaatgegce

ccggatteag

gcaacgtgte

tcegegagata

tcaggegege

ccagegecge

cegegetetyg

cgegatgtte

aggcgaggte

ggtcgggeag

agtcegtegt

ccgggtaggc

ttteccageat

gegecgtety

tgcgaaccte

cagttecgact

tgccagttge

dgcggegegce

cgacageggce

gatcgaccat

cgacagecgg

gcatteccgeyg

ctgetegace

gatcatcgeg

gacgaggegce

ggacggatce

ggacggttgc

catggcagec

cgecgacgtte

gcecteegtyge

gaagaggcgc

cacggacgeg

gggcagcgcc

cagtgegteg

cattteggea

ggtcagecgeg

gtegeggegy

gcgatacagg

gnggCtth

cttgacgeeyg

gatcggccgg

gacggagtcc

gcggaaccac

gaggtgaggg

ggacggtacg

gggctegagg

gaagcattge

cgegecgage

gaccatcgeg

c¢gegggecgy

gegggecgga

gacgatgacg

cggategacce

cagcggcgag

cagaagatgc

cgtgeegeag

tcgagegtet

aggeggggea

ggacccgega

ggcaggtcgc

gcatccgaga

accagettga

cgaatcageg

cggaatcegg

aacacggtgce

gcegtatega

gegecgegge

geggecagey

agcetttgtyg

agtgcagecc

tcgaagaaat

agcagcgeeg

gcatccggea

ggcagcagca

cgcacgeget

tccgacgttt

gcttegattt

ccgaagaagt

cgegegectyg

tcgaacaggt

gccgggcacg

ccgateggaa

gacgcttegyg

gettgegegyg

aaggccggtg

aattgcattg

atcacggcat

cagaccgaaa

ccgaccegge

cccttegget

cagcgcggceyg

tcgaccageg

gccggecgeyg

ggaacgtacg

cgeggeatec

gcggegatee

cgaaccgeca

gceceggeaty

geggeggege

ggctegegtt

gcececgceata

tcacgtggty

cgcgaaagag

catcgatege

acgettegeg

gcaggetete

cggegecgte

tggcgageca

ccgggatgat

c¢gagcgcegey

gggggatccg

cgtegtegac

cttegacegy

gcggcagcgce

tcacggtgte

ggggcgtcca

ccegggegac

ccecegagete

gcagattgee

gttceggact

agcegegecc

gattcatgte

tegeeggece

tceggeccata

tggegggctyg

cegegtgecyg

cegtgatgeg

cgggatagat

tatcggagca

gegecatege

ggccggtcga

tcaccggege

ggatcgacge

ccagegteag

cegegecgea

agacggcgat

ggttggCgCC

CgCgCthgg
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20101

20161

20221

20281

20341

20401

20461

20521

20581

20641

20701

20761

20821

20881

20941

21001

21061

21121

21181

21241

21301

21361

21421

21481

21541

21601

21661

21721

21781

21841

21901

21961

22021

22081

22141

22201

22261

22321

22381

22441

gtgcgetgeg

gaacgtgtcg

gcetgeggtte

cagcaggcgg

caggegettyg

gaatgcgeceg

ctggaagatg

gatgtecggee

cgecagecac

gaacagccecg

gccgaacacyg

cgcgagegtyg

gcettteggag

ttcggggegyg

gaaacgttge

aggeggcegeg

gtcgetcage

gaagcgccat

aaagtcgaag

cgcggcggac

gacctgcacy

gtgcgecacy

gaaattcagg

gcectgetygy

cggcgcecggce

gceggegace

cgtgtecgtgg

cgegttgatg

ctecgeggec

gttgaactge

ggtgatgece

cggategtge

caccgtgege

cagcagcacyg

cacgtegttyg

ggcttegece

cgecategega

gaggtcggcg

ccaggtegeyg

gtcgtacacyg
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gcgacggect
ttecagecga
gggcgatett
acgatcgtgt
ceceggegtea
atccgeagge
agcaggettt
agcggatagt
gctgacgteg
accatttegt
acgtecegatt
ttcagggtga
agcagcageg
ccecageacga
geggeggegy
tceegetgeyg
aaccgggegy
gegtgetege
cegegegece
gcegegegea
gggctttega
gtcteecacy
ctgectgaagt
gtcggegtea
gectgeggea
agggtttcga
caggecegge
tcegagecaggt
tgtttecagt
agtcgegget
gegtteggea
gaaccggcat
gagatgtcga
teggegeatce
acctgegegt
aactcgacga
tcegageggea
teggeggege
ctgeegectyg

gtttcgagca
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cgatcagtte

gcaggatggc

cegegecgge

cgcgategaa

cgaccagegt

cgggcagcgce

c¢gaagagcgyg

gcgecatagte

ggegtgegte

cggatgccgg

cgeegetgta

dgcggceggga

gctettecac

gngCgtht

cgtectggey

gegegectte

agctecacec

ccacgeggaa

ggtcttgege

gatcctegte

tgtcttecca

cgcggcggaa

acgcatcega

gcgggtagac

acgcagtege

gegecgegat

tgaattccca

gctegegeaa

CgCgthggC

gcggaagegy

cegegegeag

cgaccgteag

gcgegtegat

cgctecatte

cgtaggcgcg

cgategtgte

dgccgggeayg

cggagccggce

cgaatteggyg

gegegececa

gggcagcgte
gtcecegeteg
caggccggtyg
ceggeegteyg
cagcgggtaa
atcggecagce
cacgcegggt
ctecetgetge
gatgcgcace
cagcgacgec
geggcetcage
ttgcgegaat
gtaggecgece
cgccgggaaa
tgccagecag
ggecggegge
gtcgagcagg
cagcgegagce
cacgtagget
gtgccacgge
gtgaaacgac
cegttegacy
cgcgggtteg
gtcggegatce
gggccgggte
gtaggcttge
cgcaacgtge
ctggttegeyg
ggtgaacagce
gcegtegage
cegegtectyg
caagaccggyg
cagtteecteg
gctgacggea
gggegeggeg
ggceggacgac
ggeggcacge
ccaggtegag
cgeettgeey

cgacacgeeyg

cggteggacy
gcggcagega
agcagggtet
tcegtacagea
ttgtteggat
gcttetteca
ggcaggcecgg
gcgagatceca
cgcaccggea
gggeggecgg
aactgegecc
gcgacgagece
ggegeggecg
tcegecaget
cgcacgtaac
gcectgatagyg
atgtggtgat
cgcatcageg
tcccageget
aagtcgatcc
gtacgcagga
tcegagegecc
tacaggctgt
tegteceggac
gatgcggacyg
gcgacgegca
aggcgattac
ttgceggeegt
tggtcggtet
cggtctagea
accgatgega
aaaaccgacyg
cgeeegtgeyg
cgegegageyg
cccagcaagg
acggtattgg
gegagggect
atcgeceeggyg
ttgcgcagec

tcgacgacca

gaaccggcege

gaagcggcac

cgacatggeg

cctgecagega

cggacaccte

ccggataatt

cgaatttetg

tctgcaattyg

gegtgttgat

aaacgatcgt

atgcgeectyg

gttgcgtgte

tgcegtegag

tcegtetteca

cggcgaagge

cggeggecac

ggctccaaty

gegegegggt

gtteggecte

ggcgatgcac

tgtegtgeceyg

cgtegatacyg

ggaacagcat

tcaccgacge

ggacagcgtg

ggatggtgge

cggtcacgta

ccecegetegy

gccccaggta

gcaggccgta

cgaggctggc

taaaccagcc

cttegagatce

c¢ggcegageag

cegtegtege

cgtcggcagg

gccaatggge

tccatgeggt

gggtataggc

gatgatgggc
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22501

22561

22621

22681

22741

22801

22861

22921

22981

23041

23101

23161

23221

23281

23341

23401

23461

23521

23581

23641

23701

23761

23821

23881

23941

24001

24061

24121

24181

24241

24301

24361

24421

24481

24541

24601

24661

24721

24781

24841

24901

gaccagcage

ggggccgtcc

gcgegeaatyg

gcegeteteg

cagegectgg

gttgtactgyg

¢ggcagceggy

ggcggcgagt

cgecttegey

gaggttgtcg

cagegteteg

geggtecage

gtcgagcace

ggcgatceeyg

ggegeggecey

gtcggecagt

ctggtggtec

gegggtgegyg

ctgcgtggcg

ctegecggga

gttgcggatce

ctgtgegacy

gaacacgtcg

gtgccgcaga

ataggacggc

cgcgggatcg

cgtgaaaaat

cgacgecgag

ctegaccatce

gCtgthggC

gagcgacacg

cacgagggcyg

gtcgaccgga

dgcggaccgy

caggcggtgc

ceggtacteg

cacggtgagce

gegttecgeg

cgegtegage

CCgnggth

cggaatgteg
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aggeggageg
gcgagattca
tceggacacga
cectegegaa
cgcagcaaga
tceegggtegt
ccggacgatg
teggecaceyg
gccagegaca
tggatgecgg
gtaggcgtge
ggcggcageg
acgtagatgce
gegtegetcea
gectegtege
cgtegttggt
ttgeggecgt
tacaggecgga
getteattgt
atccegateg
ggcttgecga
tegteggacy
aaccactgtt
tgcegeatca
accagttcga
cgaatgecagt
tgccagaceyg
atcgagaact
gegectttygy
gacacggggce
accagegega
gcgecggaat
atataggegg
tgcatgcaga
gegatgeggt
accgegggec
geggegtega
tcegggcaaga
gtcgeggeca
aacgacagtt

gCgngttgt
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aacggectte
ggctegeatyg
cgacggggat
agcgecageceg
cceggategag
gcettgeecty
cgacgaacgce
tceggatgetyg
cgatgegeat
gcgacggaat
ggggeggegt
cgttgeggte
cgggeaccat
gcgacgegece
gatagtcgag
cgatctecee
gcagcacgat
cgeegegetyg
tcagatagec
ggcacaggtt
ccggtacgta
ctteggecgyg
tcaccagege
gegecggecayg
ggatgctgat
cgtegtegac
aaatatcgaa
cgtegatete
gettgecggt
ggccgggatt
tcceggecag
cctegaggat
cgeegeactt
ttgcgaccag
tggegegege
geteggggtyg
acggcacggce
tceggecacgeyg
cgtggeccag
ccatctteca

agagctgcac

gtcgacgegg

cgactgegeyg

ctecegggteyg

cagcgegtea

gthgCngC

cgcgaagaaa

cgeegegecy

gaagatgagc

gctcagaatce

gcccageget

cggegegtgt

gatcttgeceg

gtagtccgge

gtcgeggaac

cgcggcggcec

gagctecgatyg

cgtteegteg

aggatggaac

gcgaccgacyg

catctgeggyg

aggegtggac

gcegtacgeg

cgggcetgacce

ttcecgacgeyg

Cnggtggtt

gatcacggtce

gcaatgcgge

ggcgagcatg

dgagccggac

ggagtcgtcg

CtCnggggC

ggtgcggatg

ccagacegeyg

CgCgtCngg

gttcagtteg

gtCCgngCg

ggtgtegttyg

gcegagcage

catcegetge

gtegtegege

ctegtegacce

aacaggtceg

acgtactgeg

tcgacgactt

tgccatttga

acgtcgagea

cgcttetgga

accgtgeege

cgggtggtga

gaatcgcege

tcegecccaga

gecgtggegy

ttgccgetea

agcgtggegyg

gcgacgtacyg

tggcggagtt

cggtageege

ggcaggtagc

ggatcctega

gegacgecegy

tcegacgacgt

dgcgcegeceey

ttcaccageg

atctecgeegyg

cggtegagea

tccaggtacyg

ttgcecgecga

gcggtttgcg

tggttcagea

gtgtagatca

angCgthg

aggagccegt

cgggecaceyg

aggatcgect

cccaggtegy

ccegegetea

gcectgeteca

aaggtctcca

cggtteggat

atcgtgtett

gcegtcacca

gccagecegt

cgegeacgac

cgagctgatce

cctgggteca

cegeatgecyg

ggaccgecty

tgggcgtcag

gegtegecac

gcttcaggee

ccagegegaa

tgcggcacag

cgagtegege

dgggcagege

acagcgegge

cgcacagege

tcegegaatyg

ggatcttcag

agccgatgte

cgaacgegte

acacgcacag

agaggcgaac

tcatgeggtyg

ggatcgccgg

tgacgagcag

cggcggacag

cgacgaaacyg

cgagcggcgce

cgatcaccga

thngCgtg

cgtaggcgag

tggngCgtC

cgcaggtgat

gataattcgg

ccatcagetyg

c¢ggeggcgag

ggacgccate

ggcgatgcac

gcaactgeceyg

cggecgegaa

catcgaageg

cgaattcgag

gegegecatyg

66



24961

25021

25081

25141

25201

25261

25321

25381

25441

25501

25561

25621

25681

25741

25801

25861

25921

25981

26041

26101

26161

26221

26281

26341

26401

26461

26521

26581

26641

26701

26761

26821

26881

26941

27001

27061

27121

27181

27241

27301

cgtgagegac

CgthgngC

gegggeggec

gacccgcace

caggttggcg

acgcgacagce

ggccgegaat

gaggecctgg

tgtgeggaac

ctgeagecac

gegegegage

atcggecagyg

caggcgacag

gagatgcgcg

cacccacggce

atggaacgac

cagcgcggga

gCnggCth

atcggegatg

tggctgatge

gcegegacga

ggtgegcagg

cegtegatet

tcegagtaceg

ttgaagegea

ccgaggtage

ttgacgtgge

tagtgggtgg

ngCCgtggC

agcagcaggyg

tgcaacageg

angthng

tagtccagec

tegegecagyg

catgeggtgt

tgegegaceyg

agcagcggeg

geggectgee

agceggceggey

agecgegtegt
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gegtegageg
acgtegetge
acgegegect
cgecaccggea
ceceegecegy
acgagegeec
tgcecgeagge
ccgaagegtt
ccttegagat
tggatatagt
gcgecataga
atgtgatggt
cgecacgageyg
cgecacegtyg
agcgtggcege
gtgcgcatca
tcegaggetge
tgcacggcat
gtgggggatg
gegeggecgg
tcgacageag
cctegeggtt
cgaacagatg
gcttecagee
ceggegecgy
gggcgatgee
gcagcgegte
tgaaccagec
cttegagatce
cegteageag
cgagtgtetg
ceggeatgte
ccaggeegte
cegtegtect
acaggtectte
cgagecaggeg
gegecgacag
gtgcggcagyg
cggeatgega

gatgcgtege
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ggtaattcat

agcgetgaat

ggatcatctt

ccegtattgat

acacgacggce

acgeegettyg

gegegeteag

cgteegegec

agcgegteca

cgcgataggg

cctegaagat

ggctccaget

gegegegate

agcgetgtte

gcegegtgeac

ceggatgeey

cggtgatceg

gaaagagcat

tcacgatttyg

aaagtccgac

geggetgegyg

gtagtgccag

gcegegacgt

cgtgtegteg

cggetgeagt

gtagccgage

gaccgecacyg

gatcgtgege

gacgaccage

gacttegttyg

ctgegeateg

gtcgaagcac

gagcgeggte

dgccgggage

gaacaggatg

ctgeggegeg

cgtgaagett

cgeegegtec

ttgctgecac

gacggccgece

gaacgtgatg

gtcgggcaac

cagccacggce

gaacaggccg

gccgaacace

cgcgagggta

gteggecgac

c¢gegegegey

gtattgctge

gcgecaccgge

ctecetegatyg

gaacaggtag

gagcgcgaag

gtgtteccgge

gacctgcatce

atcgatgagce

gcaactgage

ccectectge

atccttgaga

gggctcagcg

tagcactgeg

gtcaggcgca

gegegegggce

ggcagcacge

tcegagegeeyg

cegegeateg

gtggegtege

gacgtatcga

gacgcgttge

atctgegtgt

aactcgacga

gceeggetege

gcegecgagte

tgtaccgegt

cgccacgaca

tcegggaccga

tcctgeatge

gccagegacyg

acgceggega

agcgegeget

ttgctetega

ggggtgtgcet

accagegget

agcatggttt

acgtcggttt

ttgagggtga

aggtcggect

gccgtgggca

geggettgeg

dggagcgecey

acgagcgaca

gegteggegyg

cccteggeca

aggtcgagec

ggcttgtega

tgctgecacy

tggttgaagce

atcggggaga

caagggegtc

cgcgcgggcec

tcagctgtte

gacggcegte

tgtgctcggg

gatcgacctyg

cegegatgec

gaaccgegeg

cggegtteag

cgecegtegaa

cggtecagte

tgaacgcacyg

tegtegagec

cggegttgec

cggacaggcyg

cgeeegette

cgecegtegat

actggaacag

cggtggeggt

tgacgccgag

cgcacgcgaa

cgategtgte

acagcggege
cgaacggege
gcectegggte
cgatcceegyg
ccecegetgta
cgtgatggcg
gcacttgege
geggggtegyg
gctegtgety
gcgacacgece
ggcaccagce
cgacgegeac
ggtegttgte
agtcgtectyg
actccteeca
cggcatgaaa
tgcttetega
gctegtagat
cagegettee
gtegeegecy
gatgacgcceyg
gaacaccatc
gctetggaag
gcecgagatag
ggcegtegtgg
cagetgetee
gcacaccgga
aatgtccteg
gcecgaacgceyg
cggcacgtec
cgetteggeyg
ctggagccag
cgtegaccag
gagctggega
caccaggtga
gtgcgegege
cgcgageatce
cggaatggec

actcagcege

cggecgeage
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27361

27421

27481

27541

27601

27661

27721

27781

27841

27901

27961

28021

28081

28141

28201

28261

28321

28381

28441

28501

28561

28621

28681

28741

28801

28861

28921

28981

29041

29101

29161

29221

29281

29341

29401

29461

29521

29581

29641

29701

29761

gatgcgggca

gcgaagaace

atcecggateg

aagaactggt

atcaggatcg

cccageacgt

taggeggttt

ttgecegtteg

tcgggcaggc

acgcaggeca

gegacgecegy

cgaatcttea

acgccgaggt

geggeggecey

cagatctege

tgcgtgttgt

accacgtagt

cgggteccggg

cgttteacgyg

acggtggtga

geggtettty

gagccgtega

gegtecacgt

ggcacgececg

acctgegeeyg

gggatcgece

accttegegt

agatacaccyg

teggecacca

gccagccggyg

accgegacgce

tgtaccgega

gagacggtgt

cgtgegacat

tegtageget

tegtgaaggce

tgcgcgaggg

agctggttea

ggCthgCgC

geegegecgt

ccecagetegt
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cctegateat
agtgetggat
acggegecte
cggeggtgaa
agtcgeegec
cgcaccagat
cgeteggege
gegtecagegg
gttectteag
ccagetgett
cgtgetgect
cectgegtgte
cgeeggtgey
tcaggtegte
cegegeaace
ggatcgggcyg
cegegatgea
ccagetegeg
cgecgagege
cgeectgetyg
ccagecaccag
agecegggga
ggtactgege
tggagcegga
atgcegacge
agaaatcggce
cctegateat
cgecegectt
cgeccaccac
acgectggte
tgteceggege
cgggegecge
cgageggege
gctggagata
cecegatgeey
cgtegaageyg
cggegategg
ggtacgcgeyg
agcegetege
tgtagegecc

thngngC
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cgtegactgg

cggegteage

cgtegegacce

cttgageceyg

cagttcgaag

cctgeccagyg

gggcgccagt

caggegtteg

gtgtteccege

gtgctgegge

gagcgecgec

gegecgeecayg

atagaggcgce

geggecgaca

CthggggCC

gcccaccgge

cacggttgec

cagatcegec

atgccagteg

tgcgatgtag

gcgggcgcecc

gtagaactgg

catgttcagg

cgtgtagatg

gggtgccagc

gagcaacgge

gaagcgcagyg

gagggcgecey

gtegeegegt

gtcgagtteg

ggcegegace

atgcgaacgce

atccagtgeg

gtgcagegtg

gatctecgatce

cacgecgacyg

gaaatcctygyg

aaccgtgggg

gggttcgacg

cagcacgegg

gagccgetee

ttgtagtggt

dggggceggggc

tgggcgagct

acttgetggyg

aaattgtegt

cgegectega

tccagegegy

agcgtcacga

aggctggcga

gtgtcctege

tcegatctege

gtgacttcca

tegecegect

tagccgegeyg

agcgeeeagt

agacgggcgc

thgthggC

acgcgggcgce

agcgeggeaa

tcgacgaaac

gcgagcageg

acgaageggt

agcectgegt

atgtatgeceg

gtgtcgaget

aggtgttceg

cgcteeegey

agcatgecga

tcgategegt

gcataggtca

cgttgegega

aggcgcgcgce

ccgaagecgyg

aacaccgteg

gacaggtcgt

ttggtegege

tacgaatagc

cegggetege

atcagetgeg

aacagcgegyg

agcacctgeg

geggatcgge
cgaccaccgg
cggegatggt
ccagcgacat
gcacgccgat
cgtcattgge
cgagegectt
tcegacgeegyg
cgectggeegt
gcacgaacac
ccatttegat
ggttgcegte
cgaacgggtyg
ccagegegat
gctegtegag
cgtaggtgat
cgtacgagtt
tgtegecege
ggtaggcegg
gceggcacgte
tgacgaagat
cggeggaatc
gttcgagcac
cgtegteegyg
ggaagtcgag
agtgcgteag
gaaattcegyg
cgatccageg
attcecgegag
gcgatgegte
actgctccag
gctettegte
ccacgacgtt
gceggecegt
agtcggeege
gcegttegee
tgcgctgeac
cggegtegag
gcgacgccac
ccagcageac

cegegtegec

gacgtecttge

cteectgegeyg

cgggtgtgcyg

cacctggatg

ngCthng

cggtgcgacg

geggteggge

caccatgaac

cgecegtegeg

gatcgegteg

ceggtagecyg

cggcagecag

ggcgacgaac

gceggacacyg

caggtacagg

ggccgggteg

gtggcacgtg

gctgatgace

cgtegegttyg

ccggatcacyg

ttccatgatce

gaaaccgaat

gacgcectty

cegeaccteg

ggcgaacate

cagegecttyg

gtcgagegge

cteggaacgyg

caggaagctce

ggcggtcace

gaaggtgcce

gtcgagcage

gegcaggtge

cagcacgatc

tgcccagget

atgcagcettg

getgtegege

cagcgggaca

gaacaggccg

gacgaacgcg

gtcgagegeg
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29821

29881

29941

30001

30061

30121

30181

30241

30301

30361

30421

30481

30541

30601

30661

30721

30781

30841

30901

30961

31021

31081

31141

31201

31261

31321

31381

31441

31501

31561

31621

31681

31741

31801

31861

31921

31981

32041

32101

32161

aacgtcagtyg

cggaaatctt

tgeccegetgyg

cgtacaggat

ggatgtggcet

cctgacecat

cctegecgaa

tgggaaacag

acagggtgtc

tgcacgaatc

tgctgtggat

cgggeacctt

gcaacgccag

cggtettgac

tgtgegtgat

gCgngtgtC

ggatcagcac

gatccggttt

tctectecac

ggaacagcgt

cgcggagccyg

gegegatget

ceeggaagga

ccggaatcte

tggagaacgc

gctegatcag

cgegeatege

tcagecagegyg

gataccacge

cectgegeget

ggctggeggyg

ceceggattgg

agggettege

ggcteggeca

tceeggeaget

ttetgeageyg

agctegtega

tcecegeacee

gccageacgt

accggegtge
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ccggeteggg
catcgatgeg
tcegagagege
tteggaageyg
gggcgagttt
cgcatagaca
ctggecageeyg
cgggcegtag
cggettgeey
ggcgatgcac
cgecaggteyg
gatttecctge
ctecategac
cttgtggega
cagcacgtag
gtagcegtag
geacgegtgg
cggegeegge
gcgcatcagyg
gtcgagegeg
gggcgtgetg
ctgegeateg
cgggttgtgg
ggggtagage
cttgtatgec
cgtgeggatt
gggatccttyg
caggaaccgce
gtaccagcetyg
ggacgaaata
ctteggegty
cgagcaccte
tgaaccgeec
ggaaccagaa
cggegatatg
tcaggecgat
gcaggcgatce
gggtcagcag
tcaggtaggyg

cgacgacgat
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gcecegagegge
accgagegeg
gttgagattc
atgcecttgg
tcegtegaagyg
tacgecgegt
cgegecegge
acccatgacyg
gcgaggcegga
agcaccgagce
ttgtgttege
gcatcccgaa
ggatcttgeg
agctgeagea
tcgatctggt
ctgatcaceyg
ccegtagtage
gcectectega
tcgacgatcet
cggtegtega
aggatgaacg
cgcgeataga
ttcaggtegt
gggtccgacy
ttcgecagtt
tegtegacge
caggecgeeyg
tcegecacgt
ttgatcageg
gtcaacgaag
cagcgegegt
gcegatgacy
cgegtgatag
atcggttgeg
cacttgtecc
gtcgaagage
cagcgggtac
cgtgtegaac
gcegacctge

gtecctectygy

agcgcatacyg

tcegttecaga

agttctgaca

ccttgeagtyg

tgttgtegag

tgaacgcgaa

gtgattgatc

gcggcgcegcec

agacatgctc

gcgagecgaa

ccatgaacgg

cttecageac

gaaagccgte

gegtttegag

ceggeaggte

gatcgatcag

ggatgcggat

cgaagaacga

tcegegtaget

aggccatgtt

gCCgngCgt

acgggetege

agtagatctc

ccatceeegt

ccagttgeeyg

getggecgece

catgcatcat

tgagggegge

gttcgaactyg

gctecttaga

tgtcccaggyg

gacgtcaget

acgacgegga

gctteegtgt

gcgtagegat

ggattgcgte

agcgggtgcg

cggtegtege

gactcgagtt

ccggagcggce

cctgecacge

acgccacgtyg

aagcacgatc

cgcgacgaac

gaggtggttc

atcgtccacce

gatgtcgege

cteggtttec

gtagaggcgc

gcggatcatg

aatggcggtg

gtcegtcegaag

gagattcctyg

gacgatgtga

ggcgaacgta

gatgctcacyg

gtegtegecey

gcggaacage

gecgggegtyg

gctgaacace

gtgctecteyg

gtacagcagg

gacatagccc

ggccegttee

ggtcgegegt

caggtcgagg

cggcgatgeg

ggtcaacgge

gatgttttgg

atgcgetgag

tcaggtteeg

cgttggcgag

tcegegagacce

cegegegetyg

cgacggggcc

cegecacgeyg

agaacgctte

cegegacacy

cgggcagtte

ggtagaacag

ctgctgaagyg

ttectggtat

tcectegteg

tgggtggact

agccagggcet

agegeggegy

ggcagcgect

atcccgacga

gggtccaggt

aagctetget

atggcgeege

ccgagettge

ccgaccacca

tcegtgatgge

tagcgeggea

cceceggetet

tcgaacgaac

ggctegtect

tcegegeatge

gtgcgetegt

atcgcegaca

ctttecgaaca

ttcagcacct

agcagcageg

tgggtggtct

aacggceage

gcataggact

ggaagcgtgt

cgcaggtaga

ttcgacggty

gatgcgaacyg

gcecttgcace

cteggegtge

cgggtcgtgg

gtgtcgetgg

tttgatgtge

gagcgtggtg

atcgegeage

gcggcecccgceg

cgecttgatg
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32221

32281

32341

32401

32461

32521

32581

32641

32701

32761

32821

32881

32941

33001

33061

33121

33181

33241

33301

33361

33421

33481

33541

33601

33661

33721

33781

33841

33901

33961

34021

34081

34141

34201

34261

34321

34381

34441

34501

34561

34621

gcggacagea

gcegtetegy

tcegacgtege

tcctteatge

ttgtactgga

agcgeggaca

atcgtgecaga

gggceggteg

gcatcgeggt

ggcggcagca

tegtgacget

tcgaacagea

acccacagcc

accggegegt

gggagtgega

acgacctteg

atcegegect

acgggegeaa

cegttgggea

ggcagecget

gagcacagcc

gcatcgacca

cegegeaget

tagcgegega

gcgatgaact

cegecgatea

atgtagaggc

cgecggeatt

agctegacgt

ctgcacacga

gegegeagea

accaggtagt

acgageggec

acggcatcgt

gegegatggg

taggcgaggt

tcegagegagt

agatgctget

tcggeggggt

agggcaacgc

acgcecgageg
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gcgegatgaa
cggegggeag
ceggeagtte
gegegeegte
tcgggaggge
ggtcgtcgag
ggcagacgtg
cgagatccat
ccteggeatce
cgtgetggac
cgetecaacge
gegacgtggg
gegtetgtge
aatcgatcgg
acaggctgeg
tegecageag
ggccgageac
cgtggtecag
gatgctcgaa
gecgeaggtyg
atccgaccag
gegggtgega
tgatctggtyg
ggtcgecggt
ttteggeget
gcaattcgee
gggtgttgge
cccacgeggt
ccaggegete
cgeggegeag
tcegacggeac
cggtetegeyg
agaagagttc
cggegecgag
tgttgagege
tgtegeegtt
cgegategac
gggtgaggag
agtcggggte
tcatgtegag

cgacgaggtg
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caaggtcgeg ccgtggeget

gtcgaatcge caggatttee
cagtgegege aggccgeage
cggeceggeg agcaggceggt
gggcagcegga tcgtegegac
cagtacctee gtggaccagce
acggactteyg gagagectca
cggcacgage cgttegeteg
ctgcagatce acgatctega
cggetggttyg ccttecagea
gcggaacgee cgcacgagcg
cageggecce teggettgeg
gggagagagc gcgtagcttg
ctgegtateg gegatgeget
gatttccage ttcacatgca
cgaattgeeyg cccagatcga
ttcectgecayg atggcageca
geegtegeeyg ggttegggea
cgegetecacy acgacgaacyg
gcegegecace gcttegatca
tctegegeeyg tegtecacge
cgtecagegece gectegattt
atcgatgegyg ccgaggaact
geggtagagg cgcgcgageg
cagttegggt tegeegtggt
ggccacgeceyg atceggegtygyg
gatgggcegg ccgatcggea
cacgtegacy geggectegg
gaggcaacgce tgctgcaggt
cgacgegeayg tgegegtega
gaaatggatc gtggtgatge
ctggccgecg gggcgggcega
ccagaccgag acgtcgaagce
ggcgtaggeyg tgctgeatce
geeccttgggg cggecggteg
cagegegggt geggggttgg
gacgatcacg tgcgegtegyg
ccagegeaac tgegegtggt
gacggggacg taggcgccgce
cgaacgctece atggcgacgce

gtgggcgagg cggttggege

tgccgagega

agcteggege

ccagtttggt

tcagccagec

gctggacgaa

cgtegeteac

gcagcttgac

cctggatege

cegggaacgce

cgaaacgegt

catccacgte

ccegcatggag

cetgegeegy

tcegegagget

gatcgegecyg

agaaattgec

actgegette

gCCtggthg

cggagggcac

gttetgette

cgegeagege

caccgggtte

cgatgttgec

ggtcggccga

agcegegecc

gctgcatetyg

cgatgcggtyg

tggggccgta

catggggcaa

ggtccggatg

gttegegete

acacgaggeg

tgaacggggt

agaggatgcg

agccggacgt

acgtecgeege

tgtcgggcag

cgatcatgaa

cggecttgag

cgacgagega

gcaggttgag

ttccagegeyg

ggCngCth

cagccagtag

ggcgtaatce

tgcgtcatag

gatgtgatge

gcggaacage

cgctgectygyg

ggcttegecy

gcgcaggate

cagcacgecec

acgatcctgg

cageggegte

cgagatggtt

gatgecgcgeg

ggtcgtgctg

gagtgcgttg

atcgagettg

catgtaatcc

ggggtgcgac

gacgacggcg

gatgcgcagg

gtegggeegy

gaacggatcg

gaccggtgtg

cgegtegacy

cggategteg

gaggttgtag

ggcctegecy

atcgaggaac

gatgagcteg

cgcgecggtyg

cttetgeage

gttggtgatc

gtagatcatg

ggcgtegagg

cgegtegtge

gcgcacgege

gatcgcegage

gteggggecy

ttcggegtag
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34681

34741

34801

34861

34921

34981

35041

35101

35161

35221

35281

35341

35401

35461

35521

35581

35641

35701

35761

35821

35881

35941

36001

36061

36121

36181

36241

36301

36361

36421

36481

36541

36601

36661

36721

36781

36841

36901

36961

37021

gtgagcgegg
tcgaacaggce
cactecgacgg
gccgacgeat
accgtgeteg
gcegtegagea
ccgacegtea
gataccagcg
aacggataat
ctggecacgg
ceggegagge
teetgetgge
agegtgeagce
tgcagggaca
agattcageg
gtttceggge
gegteggecyg
gtcgagecegt
aggcgeacga
teectgetece
gggtgcacga
tcegacgaggce
agegtggtgt
agctggegtt
aagcegecec
tceggeategyg
ttttegagea
gagccgaace
ceggegatet
atcttectega
ccgaacgegyg
tcgatggeat
atgatcttge
ggatggacge
gtgatgcgac
accggeteca
gegtegetge
gcgatggttt
tgatacgaat

atcgeggtea
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tgtcatcgaa
ggtgcagegg
tcagcaggtt
cgteegegag
cgtegaacag
cgttgacgtt
ggccgggcag
gegeggegtt
cectggtgete
tggeetgete
gatcgetgee
cggegacgeyg
cgttetgacy
cgegetegec
gtgcggectg
tgtggcgetg
gegecgeace
cacagatgat
gegeggecceg
gccacgegtt
tctggeccga
tcetggacgge
tgacgttgta
gegetteget
ggcgcaggte
tatgegeggt
tgtgatagaa
acgtgacctt
gegeggtgeyg
gcacggccag
tgeggtecge
ccatgaageg
cgtacgtege
ggaaaccggt
gcagtteett
ccatcacgge
cgtagtegag
cegtecacgec
gcgtgaacat

tgacggecte
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gacgatcgeg
ttgegeggeyg
cegetecgea
atgcgtcagt
atcggtgttyg
caggtcgaac
ttcgggeage
gagatcgege
gagcgegteg
cggcagegtyg
ggccaccgag
gtgcaggaac
ggccgeggtyg
gtgaaacgtce
acgegegeat
gcegtegage
ggcatacgeg
gtgatgggee
aaagagecggce
cgggtecegtyg
ccegtecgec
cgegegeatce
ggcgagcgat
cagegeggec
ggcgacgcety
ggacaggaag
gaacaggtcg
gatcggegece
ttegttgage
cgeageegec
cgcggggaac
gcetggtgeceyg
gagatcggee
gatcatttcg
gaggaatgcg
ggcgagggte
caggatcatg
ttcegegtte

cacgatcttyg

ggtgecggtyg

acggcatcgg

tcctegecga

tcegetegaca

agggtccggt

tagtcgecaat

geggtatgge

gcegacacgg

tgtgcgecga

agcaggttet

gagtgcagcg

cggecggtea

agattgaagc

cgcagegteg

ttcaccgegyg

tgcgecagec

tgcttecaggt

cgggecagat

gtcatcacca

cegtteacca

tcgatcageg

atcaccgtgg

geggettegt

ccttegggat

accgtgeegt

tcctteacey

caggtgegec

aggttctegg

teggecteeyg

geggectgea

atcgecgageg

gagtggtege

gcgatcacge

ctgatgecga

tcgaagatca

acgggetgea

gacgccatce

ttctegacgyg

gecgeggega

tegegecegy

ttcgagaacyg

gegtgegete

aatcecgtgte

acggcagacyg

agatgtcgag

cgatcaggag

ggatcagcgg

gttcgaggtt

tttegeggac

gCnggthC

gcagcagatyg

cceggaatgec

cggcgagcag

cggeegtege

gccgcgggta

agtactcgeg

acgcgcgaaa

cctegageag

gcaggtgacg

ggtcgaacgg

gaatctcgag

tgcgcagtge

cgageeggec

cgatttecega

gtttcgagty

cceggatgaa

attcccagat

tgaattcgaa

cgaagaatgce

gegecggece

gatactggca

cgtaggteca

ccageggeag

acatggcttg

gtgcgacgee

gggaagggtt

cgcgaatgge

agccgaacgg

gegtgecgte

tcacggegeyg

ccacgegatce

gacctgetge

ggtgcggttc

ggcaacggcg

gaaacgctge

tgcttgecce

cgccacgagyg

gaagaccgcece

cagtteggeg

ggccaggaaa

cgtgcagtag

ggtgacgatce

caccatgtag

cgegtecaga

gtccaccgga

attcgectte

ctgcagegge

cacgccgaac

ctegetgecyg

ctggeggett

tgtcagcgac

ctegtgecga

gttcagtteyg

caacacccac

cggccggatg

gcggtegata

gtagatgcce

gcggaacate

attcagegtyg

ctecetgtteg

gaaggtgccg

catgcegecg

geegeegecyg

cgageegecc

ggcctecteyg

geggetetge

ctegagegeg

tacgceceggy

ggcatggccg

cgecgageage

gaggccggte
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37081

37141

37201

37261

37321

37381

37441

37501

37561

37621

37681

37741

37801

37861

37921

37981

38041

38101

38161

38221

38281

38341

38401

38461

38521

38581

38641

38701

38761

38821

38881

38941

39001

39061

39121

39181

39241

39301

39361

39421

39481

acgcgggeaa
gggegetgee
tgcacgecga
gaaccggecg
cecgacegtgg
tteegggtge
gacagcccge
gggttgtegg
gecggggecg
geggecgteg
tgctggetea
gagccgectt
gceggacggeg
acggectegg
agcgectgea
tcegectega
aagggcagtt
cgaagecatt
gegettgtet
ggataggacg
tcegacgecge
ggcegetgea
ttgacgagca
cgetegacge
gtgggtgect
gcgacgggea
gagtgaaacg
tcgaccagea
acggecgeca
tceggtgaaaa
tceggegatcea
tactegecga
gtggtgagcg
tcctegecet
gegeggcaac
atgceggegt
ggctgegecyg
tcegagegacy
gaaaaggcca
ceggecaget

tgtctegacy
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agegegeggce
attcecegegt
agcccategt
cgegategec
cgeggetgte
gegtegtgta
gegecegety
cegegggege
cgetegeage
ceggecggac
tcacgtgega
cggeegecac
tgaccgegac
cececggacgg
cegtegegag
tgtgecggat
cgatgttgat
cgagaatctce
gagtcatgga
gcaatgcgat
gggcatacag
gggcaaggaa
ceggettegyg
tgctegegaa
cgtecatcac
cggttttege
cgtgegacgt
tegegatgeg
cegegaccte
tcegeegecat
gcegcaggece
cgetgtggec
cgtactgeag
gggccgacag
ggtcgatgge
attgegagec
cgeeggecgy
tcacecggeca
cggeegegat
cgegeaacgce

gegtegectyg
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gacttecgeeyg

gacctgetge

gaaatcgatg

gacgatcgga

ggccagcace

gcgcacgatce

ctggaccggg

ggcggcagct

tttgggtgcg

gecgggetgg

cagcagetga

ccatteegeyg

CgCngCgtg

tgcggegget

gtcttegaag

ggcctegate

ggtggcggga

gcegetgega

cgtgteeget

gegegegggce

gctegacage

ctggateceeyg

gccgattteg

ctgcactgge

ggCgCCCgtg

cgcgagetgg

attgageggce

ctegegettyg

gtgcggecac

ctegeegteg

gtcttecgge

catcacggeyg

cgagaacagg

cacttegagce

gtcteggaac

ctggccggtg

ttcecttegeyg

tgccagecga

gtcgagaccyg

cgcgggggte

cegegecgge

acgaggcetgg
tggatgaaat
tactcgttge
tacagcatct
gggegegacg
agcgectega
ctgececacy
gcaggcegegy
acgctegeeyg
ceggteageyg
ttctgetece
ggggeggecg
gacggtteeg
gceggeaggt
aagcggegea
agcacgateg
teggectgga
ttgtgegteg
ttctggaacc
gegggtgttt
gtttcgatca
gegtecggeg
accagcacgt
tcceggeagt
agattcgaat
aagctgtcca
acggaccgga
ccggaaatca
gegtegateg
cggggcaacyg
gagaagacgc
tcegggeacca
gecggetgge
aacggettgt
accggatacyg
aacaggaagg
tggaaggcgce
tgcgcgaaat
ggtteggett

ttggcegaca

gceeggegett

agcgegeacce

CngCgtgtg

cgtegatgte

ccttggtega

cctgeacega

gatgctectyg

gcatcategyg

gcettegeege

tgctegegac

acgtgegeag

gcagcacgcg

c¢gageggege

cegeggecac

tgtcecgegac

tggccagett

agtcggegec

tcaattecgec

gtgctgcgge

aggtacgget

cggtegggge

gegettgetyg

cacagcacgc

tgaaaccggce

ggcggcgceca

agaacgggat

gcatcggete

tgtccegege

cgatgetege

cgegetegac

cctgeateag

cggecgegea

cgccgaacga

tgtagceggt

cgagcaacgg

cgtegtacag

ccatcttcac

gcagcettgte

gegageggece

cgageegeceyg

gcaccagegyg

cttecageac

cagttecgage

gccgaacagg

ccacagecge

aaagcggaag

gtcecttegat

ctgegeggeyg

cttgggcggc

gggtgcggeyg

ggcttgcacy

cagttccatce

ctecgacegte

aagccceged

ggctacgget

atattcggeg

cacgcegtac

catctegagyg

gatcttgecyg

gatgggtgat

gegttggaag

ccagtegaca

ctecgacttge

gegggecagy

ttcggcgagg

gtacgtgteg

CgCnggCgt

gagcagegge

ggcgaacgca

cgggccgttg

cgtggcgagg

ceggeagegt

agcegecgeg

cgccagcaac

ctggtggatg

atcggecace

geggeggecce

geggggggcy

gatggcgtcg

ggtcegecgee

ctgatagege

atgcaccttyg

caggtgggca
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39541

39601

39661

39721

39781

39841

39901

39961

40021

40081

40141

40201

40261

40321

40381

40441

40501

40561

40621

40681

40741

40801

40861

40921

40981

41041

41101

41161

41221

41281

41341

41401

41461

41521

41581

41641

41701

41761

41821

41881

ttggtgecge
cacgegeteg
ggctggegga
atgacgeceg
acgcgeagec
tcegacgggat
gcgggcaace
gtaaagccge
cgategeceyg
ctgegtacga
gcecegegtyge
gcgatggega
agcgacgacyg
gagatgcgge
ctgeegecge
acgeeggtge
tgactgacct
atgcggaaga
tacatacgec
cgeggeactt
tegtgegegyg
ceggegtege
gtctgegect
gtcggatgat
gtgcgcacgt
tccagegtec
agcageeget
ggcgegettt
gagccctgga
cgattcagea
agegetteeg
agcgecggea
gcactgtagt
aagaaatcga
ggttgcagga
atgceggeceyg
aaagcggega
cgetecacgea
accaggatca

gcgecgaace
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tegegecgaa
ccteggegea
aatgcaggtyg
cgatgeegge
gceeggeccge
cgeccagegy
cgeccagege
tegacgegec
cggcgagege
agcegtecge
gcgagacgge
gatcgcacte
agcaggeggt
cggeegeagt
cgttgegaag
ggctgeecett
cgagcaacag
acgceggatc
ceggegette
cggagatcge
cgeccggaaa
gggcctegat
gegeegtgee
cgaacaacag
ccagtgecat
cegegtegta
ttegetegeyg
tggccacceyg
acagcgecag
cgtegagege
ccteggggaa
ggcecctggee
gegectgete
gegggaagtyg
cegegtecag
cgtgecacgat
ccgetgeggyg
gcteggegat
gegtgecege

cgecggtgat
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cgegetgacy

gatctecgacy

dgcgggeagy

ggcggactee

gtegeggect

ggtgecggtyg

ctggeggatce

gtcgtggttg

atcggacagg

cgeegegteyg

gatggagttg

gceegetgege

gtcgatcgee

gttcagcggg

ctgcaggtte

gagactgtcg

gegetgetge

gaactggteg

cggatcggga

atccacgeeg

ceggeagetce

dggccggegey

ggacgectge

cgcgacegac

cagcgaatec

gcccageace

cggegatgeg

cacgtggteg

gtcgatatcg

gcgatecegee

cgteatgeeyg

gcggcgatga

acgcgagecc

ctegetetge

ttegtegege

gcecttteage

gtcggegata

cgeeegetgyg

accgegegec

caggtaggec

ceggetegec

ggcattgegt

cggtcgtggt

gtgtggccga

gcgecgaaca

cegtgegett

acggcttect

accgecgaac

cgcttgagea

aaggtcttge

tceggegaca

aggttetgge

atgettggec

ttgccggtga

gcgtaategt

accggaatgce

gggtccateg

acgtecgtega

tcegtagtacyg

tcegttecagea

atgccgacga

atcggeegeyg

tcegecagga

agcgggatgc

atgcccatet

tgggccaceyg

tcegeteageyg

aggaacggcet

acgaccgega

gccagegace

cctteegece

tgcgegageg

cacgecggacyg

tgatggagca

tcgacctgea

ggcacgcegt

tcegaggeget

ctectegtege

gccagecatce

gCgtCnggt

gtggcegtte

cccactgeac

tcagcgacag

tgttggtttt

cegtegecag

ccacgtaatc

gcgcacgace

ccecgeageac

ccagegegec

agcggeegta

ggatcaggtt

tggcggtatg

cctgeacgec

agaaatagcc

tggtggtgat

cggcatgete

cggeegette

gaaaaccgcc

cgtegacatce

ggttccagta

tcegegategyg

gcetgetgetyg

aatccgegag

ccagegeatt

cgaagaagec

cgcgategat

ceggeattge

tgggtCCgCg

cctggggeac

ggatgccgac

agggcccceca

cgtegaggaa

cgatcgacga

gccacgegece

tgatcggett

cgegecgeag

cgcagegeag

tegeggecee

gggcggtgtyg

cgaccggeag

gccacgegge
cagcgggete
cacgaccttyg
caccgagecg
cgectgeaac
gatggacgcyg
gttcggegeg
ggccagcacyg
gcagectteg
cggegecage
gacgcecgece
gatcgeegty
gagtccgtag
gtcgatgeceyg
gcecgacgaac
cagegetteg
gegeggegtyg
gaagcggetg
ccagegeteg
ggcgtcegaga
cteceggegty
cggeggeacy
ggcgttgace
ttcgaggtge
gagatcgcga
getgtecgee
cggegegete
cgectegtag
ggceggggaga
acgcegeage
gttcacgete
acggtteget
aaacaggagg
ggcgacctte
gtagccgacy
cgcggegaag
cgtgacgtte
ttgceggecyg
cagcecgage

cgeggecgtt
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41941

42001

42061

42121

42181

42241

42301

42361

42421

42481

42541

42601

42661

42721

42781

42841

42901

42961

43021

43081

43141

43201

43261

43321

43381

43441

43501

43561

43621

43681

43741

43801

43861

43921

43981

44041

44101

44161

44221

44281

44341

teggetggeg
tgctectege
geggecggat
cgtgegaggce
tccaccgegt
tegetgecga
acggettegt
agcaagcgga
gtgacatagt
gctgcaagece
geggeggecg
tgtgegtteg
gcgtteagea
atgctgeegyg
cgetegaacy
cgecagtega
ceegegeagy
gcectgatecey
acgteggtge
cgaagcacgg
gccacgetea
acgacggeceg
aaccggeceyg
cggaacageg
ccgaagecca
ccegatacat
atcgeggeta
gcegecageg
gceggegega
gcegeteaccee
acgeggateg
gceggaatee
gccgacteca
gegegecegg
gtgceggtge
agtgegeggce
gegecgeect
agcgcgtegg
teegecgeey
aagctgacca

ctttegegeyg
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cgageggget
ggctetegee
cgagatcgat
ccgacagegce
cgegegtgac
ccagegegtyg
ccagegecca
cgaaategte
cgatgeeggyg
gctegecgac
gtgcegeegy
acgcgacggt
tgtecctecgyg
catccatgec
ggtagttcgg
actgegegec
geggeggeag
acgegecagce
cgagatagec
cgegeaacgce
cgacgeeage
ggcggaggec
cgteggtete
gtteccgacge
tgecgecaacgce
aggeggegeg
gctectgegy
cegettegga
cgggeggtte
cggcgatgeg
ggatgtcctyg
ggtecgtgete
gatgcccgat
ggccatagac
cgtgggecte
ggatcacccyg
ggtcgaccge
cgaggegett
cgtegaaggt
tgaccteggyg

agcgecagget
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caggegegeg
gagcatctce
cgeggtgecey
agcetgggeg
caccgagatc
cacgagatgce
taaaaagacg
cggeegeteg
gcggaccage
accgetegea
catcgeggec
ctcggeggeyg
gtacttgeeg
gacgatcgge
cagggtegtg
ctgcacgtac
ccagecgteg
cagttgcaac
cgaaatcagg
ttcggeatec
cacgecaggec
ccatecectte
gagtgcgtee
gtggagcgcg
cttgecegty
aaacggatag
cgtegegecey
cecttgecgac
ctcgacgatg
cectgegttec
ccacggegta
gaacgacagce
attggtettg
gceggecage
gacgtaggac
ttcectgegaa
cgtgecgege
gagcaccace
cttgecagegt
cgacagecatc

ttcgecaggeyg

acatggegeg

tgaagcagtyg

aaccattceg

agcceggata

ctgggccggyg

agcagggcegy

atgegetgge

ggcgcgacct

gagcaggatg

tcegegaaga

tgctgetece

gcgaatgceag

gacgacttga

gacggaatct

gegggetggg

agcgeegega

gcgagecect

cagtactgeg

cggaccgacyg

gaacgggegy

gcgacatatt

cacagttceg

agcggcaceg

tgcgecgacge

c¢geggcegcegy

tgactecegec

gcgategege

agcagcagea

gcgtgggcat

cegegecgec

tgcggattgg

agcaccttga

accgaaccga

gcttegacct

acgtcgecgyg

tcegeggeteg

acgatgecga

atgccgeacce

cegteeggey

aggttgacgce

aggtgcaggc

cgecegtgeey

cectgegtete

gatgctcgat

cgtgeggege

tcgaaggegt

cggacatgeg

cggaagcggc

gccagecege

cgeagaegage

tcagccacgg

acaccacgtyg

tcctgageag

ggtgccgcaa

tctecagget

c¢gggcgcecgy

gtgcgegete

ccggegggtyg

ggtgcgtcac

gecgtgcgag

ccacgaggeg

cgeegatgec

cccacgegaa

agcaacgegce

cggtgtccgg

cegecgacge

cggtggegge

gctegtageg

acgegegetyg

tggtgeeget

acgcgaccegg

gttgcgtgaa

tcaggeegge

tcacgagegyg

cgatecgggte

gegegaggece

gcacggtcag

gcacceggte

cttegecgeyg

acagcatgeg

cgeeegegag

acaccagcga

caacgccacc

gttctecgge

cattgececeeg

ttegecegget

ccactegege

cgtttegecyg

ggtttegtte

ttcegegecy

gcgcagcage

ggacgcgtcg

atagagcggg

gtccggaaac

cgctgegteg

gaagcgctge

aaacagcgeg

cagtgcatcg

cgatgegteg

ctegteggte

cggcatgtec

cagcgegteg

atggcccgac

ctggatcgeg

gaacgcgteg

cacaccgaac

taccctegeg

ggcacggcag

tggcacgage

cgcggcgtgt

gaatccgaac

atcggeegeg

atgcaggtge

gatgccggag

ctegttegee

gccgagggac

ggcctggtte

cecegeagece

gCCgthgCg

cacatagceg

cgectgegag

cgccatgttyg

agacgagcag
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44401

44461

44521

44581

44641

44701

44761

44821

44881

44941

45001

45061

45121

45181

45241

45301

45361

45421

45481

45541

45601

45661

45721

45781

45841

45901

45961

46021

46081

46141

46201

46261

46321

46381

46441

46501

46561

46621

46681

46741

geggtgtega
gccatgttca
acctggateg
aagcgttegyg
cgttgttgeg
aattgatcca
ggatcggggt
tegtgegege
cggcaageca
teegegegec
ttecattggge
cggatgette
gggcgagegt
ataccttggt
gcagcgattyg
tegeegegag
ggcgcagcaa
acagcgegga
cgacteegga
cgggeggeag
cggtggegge
cectgegegey
cectggecegy
gcaagccgge
gatggaagaa
gaaagatccc
cctegegacy
cggetgegge
caagccagga
cgtcacegtyg
gcgegacgta
cegettgeat
acagegecgce
cegegatega
cectgecggge
tggcacgeeyg
cgecctteag
tgcacgtatc
ccgegagaat

gtcteccagac
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tcegecatget
gegegetgee
cgtggtegaa
gcgegagatyg
gatcgaggta
cgegttegag
cgtagtageg
cgtegageaa
tgccgatgac
gcaggcgcag
gccgatcetee
gtcgacgace
ctgcaggtte
gaggeggtcee
ctegggegey
cgtgtecggtyg
cgeegtetec
ceeggeggec
ctgggcgacyg
cgtgecgacy
gtggccgatce
cegatgetgg
catggtgatc
cgtcageteg
gtcgtegtee
tttgagegge
cgacaagteg
ggaaggttcg
cgegagecge
gaaccggatce
gegetggteg
gatgtccget
atgctecacce
ttegecatec
cgacggegeyg
tctegeegey
cgggcggteg
gcegtggget
cagccacteg

gcgttgataa
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cgggceggtyg

cgtgecggea

gcaggtgatg

ggcgtteteg

ggtecgetteg

aaaggcgeceg

atcgatgtec

ttgccagaac

ggcgatcggc

ttegtegage

tgggegatca

dgcgegggga

ggataggaaa

gtcagttcga

atggecatcgg

atgegetega

tgctgegeey

ggcgcatcga

ccggacgeca

ccgagegege

tcecgeccacy

gegagegegt

agcgeggeca

tgcagatacc

tggegtgtea

ggcatcgaat

gcgegaatga

cegegecceca

aggcecgagec

ggccggtgge

cggcgaaacy

gcecgacgget

gcgategege

agaacattca

cgtgacgceaa

atgtcagagg

gccgcegggea

tccagcagag

cegtgegeey

agcagcgcegy

aggcccagea

tagctgeteg

ccgacgtaca

agcgecteec

c¢geggegega

tggegggteg

cagegttege

gegtecggeg

tegttgeggt

gceggetttea

gttcggaaag

gcegacggega

agaacaacgt

gcgegaccag

ggccggaaag

ccegttegeyg

getgegegge

cceggaacag

tcagecegtte

cgagttgtte

gcceccaatt

cgaggaaget

tcgacgagaa

acgegeegte

gcagcgcatce

gcgegattte

accgtgegte

gcagcacgat

cgeagagecc

tgacgtattc

cgatcatgte

gctegggate

ggcccaatce

tcegcaccega

gegecctgac

gtgcgagatce

gttceggegt

ctgacagetg

aaccgeeggt

cgaagtegtyg

cgaacgacag

acggcatcga

cgeeegtgge

acgccactte

tcccgaagaa

ccatcttgec

cgggeactte

tatcgetgeg

cagaacgcag

gtgcatgegt

gtegtecteg

cagttegttyg

cgegegaaac

cgaatccagg

gcgcaaggtt

cggegegeac

cggttgegte

ggtcggccag

cagegtegeg

gtgcgegege

gacgctgage

gttegecgee

caggacgaaa

ggccttgecy

gtcgagegeg

accgagegec

gagegtgege

tttecceggey

gceggtcaca

gcgattgteg

ttcacggeeyg

gaggtcgacg

ccacageggce

cgtcaccage

caggtgcagce

gagactccac

cgcgteggeyg

ggcgcccacyg

tgcecgegteyg

cegetegacy

ceggeccgeg
cgcattggac
ggactgcegg
gagcaggage
cgeegegteg
gggcgtggac
ggtgacggca
tccggggaag
cgeegegatt
ggcecttggeyg
tcgaggtegt
agcacgtact
ggtcttecga
ccgagatega
tcagccagea
gcatgcaget
agctcggaaa
tcegatecegeg
atggccagtt
cgteegtagt
cceggtttec
gegtagttge
tggtccageg
ctgceggege
ccggegagge
tgcccgacgt
aggattttce
cegttgtegy
agataggtcg
cgggegatge
ccagectgta
agccegecec
gcectgtgeca
cacaggcgag
acgctegege
aggtggatga
aagcgcageg
cegecgeggt
acgttegacyg

gegegegecy
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46801

46861

46921

46981

47041

47101

47161

47221

47281

47341

47401

47461

47521

47581

47641

47701

47761

47821

47881

47941

48001

48061

48121

48181

48241

48301

48361

48421

48481

48541

48601

48661

48721

48781

48841

48901

48961

49021

49081

49141

49201

cgegaacctyg

ggacgcggat

tccatgecte

ggtacaggtce

atgcgtegag

ggctgatttt

cgecgtegat

ttteggtgea

dgggggceaca

ceggeggacce

gcaccagtte

catagagaaa

actggeegeg

agaacggcac

gcatcacgga

agagcgegat

tggCgCngC

cgggeagetc

cgttegtege

gcatgtegte

atccggaggce

ctteegegat

CgCgCtgggt

cgaatteggt

aacgegeget

cgaagaacat

cgegeacatce

cgaaaacggt

atgcageggce

gatttccgac

cececttgacy

gatccacgtyg

acgcgeatgt

Cngngth

gagcgceggey

cacgatgeeg

ggctgeggeyg

catccacagt

c¢gcgggcegey

cgegegeaat

caccgeggge
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ttgcaaccge
gtcgeectee
ggtcgacgee
gcecegactee
aaaggegggy
ccecagegec
ctgeacgeeyg
gegggectge
cattteceegyg
gaaatcgage
gacgcaggtt
ctegacgaac
actctgegec
acgegectgt
aacggtgeeg
cttgtgegeyg
ttegeeggea
cggetgeacce
atccagegtyg
ctgeegggte
gaacgacacg
ccggateggg
ggccgeggeg
gaaatggcge
ctecatcacy
cagtccgaat
tgccacgteg
ccecaggace
aacggcgeat
gttgccgaca
cgatgacegt
gceggegeat
ggcctgatee
ggtgcacctt
agegtgtgea
gggtgtectyg
cgetgecegt
tgecgegageyg
ceggatgegt
tgccgaacey

ggtgtttegg

US 9,624,270 B2

-continued

agtgcatcga

agcgegecct

ggcggctgat

agcgegteceg

tgtacctggt

tcegeeggteyg

tgctgecgaa

accteggegyg

agceggegea

aggcaggeca

tceggegtge

tcegtecaget

agccegttea

tcegegegect

gcegeecggat

agctggtcac

cgcacgaatg

ggcgtcggat

cegeegegec

gcatatttgt

cccacgegge

ttgtgcageg

agcgcggcgt

tceggeacee

agctggtact

ttcatgegtyg

¢ggeggegey

ggcggctcag

gecagtgcgag

gcegecattte

cgagaaagtt

gegegtgetyg

agaagcegeg

gctecacgge

ggatcgegte

ccgeaceget

cgeeggtget

cgegetggaa

cggactgeeyg

cgteggeget

caggctecee

tctegatcag

gtccgategy

ggaccegtac

gatcgatgge

acggcgacga

tgcgecagat

tttegeegtt

catcgaateg

getgeggaag

cttcatccac

cgatgagecc

cgegtgegec

atagccegat

gegecgeate

cgaagecatg

gatcctggte

tctgeggatt

agacacgcaa

acagatgctg

ceggggeaaa

cgttegacag

ccgegaccac

gcaggacggc

agacgctgga

tgttgeegga

gctecgatee

ggtgtegtceg

cacggtetge

gtccttcaac

cacgaaggeg

ggttgccggc

ctccatgagg

ccgetegaac

atcccagteg

ccacgeggec

gtceggegece

gctgaccgea

tctegtgaac

ctgcatcagce

ggcgecgteg

ggacgaaacg

cagtcggeca

cgtgegeage

cgegecgatce

dgcggegage

cgccagegea

ctgceggatce

gaagtccgeg

CgthgCgCg

attgccgagg

gcegatcgac

gcgegattge

catcgegege

attgctgegyg

gtegecgacy

cttegeacge

gagcacgtgg

gCthngCg

cegeaccgge

gacggcgcgce

cacgaagteg

gttgtccace

getgeecegeyg

gggattcggg

gaaccegtte

cagegectet

gattcgtgaa

atccggtgat

acggtgtgeg

gtcegtatgge

gaatagggca

gcatcgagac

cgececgagea

gggtaggtcg

atggatgege

gtgtgcgege

tgcggcacge

tceggtgega

ceggettegt

gcgtcegaaag

tceggegcaaa

gaatcaagtt

gcaaggtcat

gtggcgtgac

gagctgggca

acgeggetge

tctgecggea

gcegtcegaaca

ccegacgteg

gcggategee

atccgetega

tcgagatcce

gcgaagegtt

acgtcgacceyg

atgtagttge

aacgtatgca

gcectegeggt

gtcagcaggt

gtcacccaga

ttgccgacac

atcgtggtca

tcaggattce

atcgaccatt

accagcttca

taaagcgage

gcatcggega

tcactgetygyg

ttteggcact

agacggcaaa

attcgtgegyg

cggetgegec

dggacgggcega

gcgattgeca

acggatgeeg

gcagggegag

cgegtacgta

cgatgtegat

cggeccacge

tgccgaagga

¢gggggcgag

cggggctgge

agtggaacgt

gcgcacgcaa
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49261

49321

49381

49441

49501

49561

49621

49681

49741

49801

49861

49921

49981

50041

50101

50161

50221

50281

50341

50401

50461

50521

50581

50641

50701

50761

50821

50881

50941

51001

51061

51121

51181

51241

51301

51361

51421

51481

51541

51601

cgaatcgega

ggcegtgaac

ggacgcagcg

cgcgggtgca

gtgcgegttyg

cgaatgecag

cggattgatc

ggtcttgate

cgaccegatce

gttcaactcyg

gtcetgegeyg

gccattegge

cacggcgaac

gcccacgect

gtceggegac

gttgacceeyg

gtgaaccgeg

atcgagegeg

agggccgacyg

gacgatgacc

cgteteccag

ggcgctgatg

cggaaggtcg

ctgecagaat

gatatccgeg

gctcaaatgyg

cggeegecey

cecegtggacy

cgagacacgce

cgggggggct

ttcatcgagyg

gatcgtggea

cgtgtgecgg

cacttcacag

tgegttegge

gtgattgegg

gccategacy

c¢gcgeggaag

gceggteage

cacgatgege
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cteggtgega
gcgacatcece
agcgettgea
accggttegyg
gtgccgecga
ggcgtgacct
gaccggaaat
aggctggcga
cagcagagat
atecgggtege
cgtacaccgg
geggtcagge
acggtgtege
tegeegegaa
agcatgeceg
ceggecageyg
acgagcgagyg
taggaaatgc
tcegegactt
geggtgegte
gccaccteca
ccgaagaaag
gceegegeget
gegtegggat
cgtgettegyg
cgegecagea
agccagtect
ctgaacggeyg
tcgatgeacce
ggcggegegy
aatgectgec
ggtttcaaca
atcteggegyg
gcgacgacga
gcecagegegg
ceggegacga
aagccgagat
gtgecgeteceyg
cagatttege

acgeggtget
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cgatggecge
gcacaccgge
acgegtecgyg
cttegatete
agccgaacga
gccgaggaat
ggaggttcegg
tgcecegegge
cgteegggey
cgagcggegt
catcgegeag
cgttgetgeyg
cgttetegag
cataaccgtt
cttgegtgaa
ccgeategga
acgaacacgc
ggttggcgge
cgtectgege
cgeeggegag
gcagcaggeg
ccgeategaa
gegtegecge
tgceggegec
ccgageccgyg
gggaaatact
gcagctegee
cgteggggte
attgcaccag
agaacgcacyg
tgatcegget
ggactgecege
ccacggette
ccegetecac
ggtggctgcee
tgatgaggtc
cgeeegtgey
tttegtegat
cgateceggec

cagcecaggt

gegetgegtyg

ctcgggatgg

cgtgegegeg

cgggagcccyg

gctcaccect

ccggaagggc

cggaategeg

cgattecagg

gcgggattcg

gcecegteceyg

cgegeegtga

cccatectga

cgcategteg

cgctgeegey

ggacgegete

ctegeegege

ggtgtcgace

gacgctgage

cagacggatg

getgeggggt

ctgttgegga

ttgatcgacc

accgacegeg

dgggaagcegy

cgeetggtec

cggaaaatca

cgagageatg

gatcttgeceg

cgettgegty

cegecatteg

ccgetggatt

atacagatcg

cgegtecage

gttatcgacyg

ctcegeggat

tttcaagegyg

caggtaacgc

acggttecag

dggcgcegeayg

ceggecegeat

aagtgggtgce
gcgtcegagat
gagagcgtca
ggtgcttety
gccaggegeg
gtgcegtega
cgatggtgta
tggccgatgt
ttcaggacgg
tgcgtetega
atcacggect
ttcaccgegy
agcegettga
tcgaacgect
aattgcggeyg
tgcagegege
gceccageteg
gcattgeeeyg
tagtccgaat
gcgatccecey
tccatcgatt
tgatccagea
tcceggecect
catcccatec
ggcatggcac
tagacgacgg
atggcgtect
gaagcgattce
tcegegtgget
ccegegateg
tttecegetgg
acgtecgtgea
gtgttgageyg
tggatcgaga
tgctcgagat
ccggtaacga
gcegtcatege
tagccgacgce
cgcteacegyg

gagaccagcg

gcceggtatt

aggccgcata

cgacgegage

acaggatcag

gcecegtgtte

gcgegattty

gtgcaagggc

tggtcttgac

cegecagega

cgaagccgat

getgggcegy

agcegeggat

gcagcaccat

tgcateggec

ccagaatcag

ggcacgecty

ggccgegcaa

tcegegacata

tgctgatgee

catgctegag

cggettegeg

gtccggcgag

ccagcagaag

cgacgatege

tcceggtgec

tceggggaaac

tcgaatcgag

ccgacagacyg

cggcagtetyg

cgagecectyg

acgtgegeag

ctteggegag

ctteeceggeyg

aagccgecga

cctgegggta

agagatccte

cgtecagett

cgacactegg

tatccggatt

cgtggegett
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51661

51721

51781

51841

51901

51961

52021

52081

52141

52201

52261

52321

52381

52441

52501

52561

52621

52681

52741

52801

52861

52921

52981

53041

53101

53161

53221

53281

53341

53401

53461

53521

53581

53641

53701

53761

53821

53881

53941

54001

54061

gccggagtcg

gegeggeage

gacggggegce

caccgactec

cagctgegeyg

cgeggeacaa

cacgaatgec

ctteecgaag

atcggeateg

catcacgect

cggcgtgatg

caggatctte

cgtegeggeyg

atcggcggga

gcatcccace

gcceggttga

gccgaacgty

cteeggtteg

gggaagcatg

cgateceegec

cgtetgecee

tgatgtgcac

cagcgacacyg

gttgtcgace

cgcgtggegyg

attgegegga

caggttegag

atggtaggec

gagcgegatg

cacggtetec

cgectegaag

aatcggegtt

ccagettegt

ggttgeggtyg

ggactgatgg

gaagccacga

gtcgttcace

gctteecteg

gtacgtggat

atgcgeggea

ctteecgaaac
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tttetegteg
gagegtgecg
atggtgtgeg
gegegeaccyg
cgegetteat
tgegtgecge
gegggegeca
aaacccatgt
ctegectegyg
ttgggegtac
tceeggtgege
agttccageg
tcegteageyg
cgatgectge
catgegeaga
gcgatggett
aggcgggtca
accttgecge
ctcaacctte
aagcgtgett
gtaatccaag
gctegetaac
acgaccttge
agcaggacgt
atctgetega
atgcgatcct
atatggaaca
acgcectggt
cegttateeg
cacggaatgt
tgatccagga
tegeegeegy
tgatacgegt
aagatgecegt
gccgaaateg
aacaggagta
gectgegeca
gcaagcaact
cacggcgaag
ggcegtttee

gatcagcgge
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ccacgecttyg

gctggccgga

cgtggaagec

gttecegegee

cggegatttt

gatacttegt

tcagcaccga

cgtgaaacac

cgatgaccge

cggtggagcc

gccattgtte

tgtcggaata

cgacgaccgg

geggtggata

tgaattccag

gcagcctgge

gctecgette

Jaaacaacaa

gttgtettet

catcggacgg

gacacggegt

gatcggcgat

gctegectte

cgectegttyg

ggtcggcgag

cgccgaacag

gatgggcctg

tgatctgege

cgcagaaggce

cgacgtgeeyg

tgcgeggtec

thngCng

tttegeaatg

tgccgatega

cgcgageaaa

cgecegtgtte

gatcgegtee

tgcgtteegt

ccgaacgggt

acggecatget

ggcaggaacc

tgccagegeyg
gatgaacaag
gcacgeggeg
gttgaatgca
gcgagcacac
gatggcctge
cagcacgeeg
cgggagecag
catattgetce
tgacgtgtat
ggecggggeg
accgteegeyg
cgtggegteyg
cgegggtacy
cecegggegga
ggcgatgeceg
gceegtteteg
aatttctgta
aaacgttgaa
tatcgaaatt
ttcgegeact
tccttegatg
gaacgggttyg
ccacggaaac
atcgaacgga
gctgacgatce
attgaagaac
ggtgcgcaac
tgcaacctgg
ceggtagtge
gatcctgegy
cgtcaggeaa
aagggcgatc
ggtgcgegge
cgcttegaag
cagaagccgg
attcgataca
catgcecagce
cggecegegt
cgaagegatt

ggagcaccge

tceggcategt

gtegectegy

aatgcgegeg

acccgecage

aggtcatacg

agccagegea

agatagatcg

ctgacgaaca

aggatgtteg

tgcagaageg

tcgaageget

tgatgcgega

gegacgatgg

ccgatcagge

taaaccagaa

cgageecget

agaaaaatga

acagtcctga

tatctcagga

agagcattgce

ggatcaatac

thggCgtgt

cggecatgeyg

gtgatcgege

cteceegtege

gaactggcga

accegetege

gtgtcgtegt

ttgcggtege

ctgacatagce

ctcacctecce

cagaaggcca

gtctegeteg

gtggaacggt

cegeccacgg

gattcgagtyg

ggctccagea

atcgtcaata

ggtcgegecyg

gagaatgtcg

gecgttgegg

agtccgecac

ccatceegta

aaaaacgcgc

tgctcaggte

cgaaatcegyg

cgggtttetyg

gcagcaacac

cegtegacge

cgtggetgat

ccagegtetyg

ggtcegtege

tgcegtegag

ccttgagacy

cggegtacag

ggacgcgate

tgtccaggte

atgcggtett

attttgtatc

Cngttgtgg

tctaatcegyg

ggcttgtcat

acgggtccag

cgaagcgeat

attcgeggaa

catggcagge

gcgatgette

cggtgaccgg

cgagecatte

tggtctggaa

ggacctgtet

gcatgtegge

ctegecagegy

gcggatacte

aaacgtagtc

atgaaacgtc

cegeceggtt

gccacggegt

gteetttect

cggtgcggcet

tggatgtceg

cegeeggttt
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54121

54181

54241

54301

54361

54421

54481

54541

54601

54661

54721

54781

54841

54901

54961

55021

55081

55141

55201

55261

55321

55381

55441

55501

55561

55621

55681

55741

55801

55861

55921

55981

56041

56101

56161

56221

56281

56341

56401

56461

cgacgatgag
gegggecgge
ggcecgegtat
ggagtttgee
tcgacaagec
geggecaggt
atgccttega
cgeeggtgey
gcegtcagete
cttgecacgac
ggacggtecg
ggcagcgaaa
acttgggegt
cgtggaacgce
cgacgecatc
cgggcagaag
gtgcctgtty
gattgtgtce
cggegtegeg
aggttegege
cggettgeaa
gtgtttaacyg
tgggacateg
ttteegggey
accegetteg
ggggcaacgt
gceggtcagyg
gaggttgatc
catgtegteg
ctegeceege
gegeggecceg
atagtcgaag
gagcgggttyg
cacctegete
gttgatcgeg
gggcgaagec
gacgtegtygyg
cgtgeeggty
gcaaagatgce

ttgcacaatt
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cecegtttege
teggeegtgg
ctggeccagyg
gaccctgtee
ggccaccate
gtccaggege
cagcaccagt
accgagteeg
gcgcaacteg
ttegacgatg
gatgtagttyg
ggcgtaggga
gaggtttecce
catgategtc
cgegecactyg
cgagaaaagce
catctgateg
gagcgegage
tacgegtatg
gttecgatteg
ggcggattga
gtacgaccgg
gccatgegac
cgacgtecagyg
agccegateg
tgegteggat
cgcaagatga
gggceggtga
acatagcaga
agcgectgea
tacgtgttga
aacagggtet
acgttgeccc
gtcgacgttt
ccecatcacac
gggcaggcga
cgecagegect
aaatagttgt
gaaccgagga

gcactccaag
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aggcagttet

gtgccgggca

caggggaagc

gegtgegecyg

gcaatctggt

tcegtcataga

acgteeggec

gtctgeactt

atcaaccagg

atggecgeeyg

atgctgagtt

tagggcagga

gacgcggcga

ggccggecegy

gggctgcaaa

tgctegacga

gacgacagaa

gtgccegeat

cctttegeat

acctgettea

tggacactgg

attggagcat

gtcaccacgt

cagcgagggt

tceggetecca

cgtecttegyg

tctgegecag

gCtCCgngg

atgcecegggt

cgatgaagtt

agatgegtac

cegegeaacy

ggtaactctce

gcagaacgcg

tggtcttggt

ggttgtagat

cgaagetegg

cgacgcacaa

aaccegegec

tatcgegege

gcttgatgge

cgacgactte

gttcggcaag

acagatcttc

tgcctegaaa

ccaccaccga

ggatgccgga

catcgacgat

tgtcgggagc

gcttegtgat

gatcggtege

aatgaacgtc

gtgcgccgga

tatagtgeceg

actggatctt

atgcgtgett

accgcatcac

tcgacaggea

gggtaaacag

gatactcgag

cgcacgagaa

ggtctecegta

catgcegttyg

cgagcagaaa

gtcgaggtgg

cagcggacgg

ttcgectgace

cgtggecatce

ctggetgeeyg

ggacacgacg

caccttgatt

cttgeetteg

cggttgcgga

tgcatgegtyg

ggtctgcacy

ctegtecacce

gttgccgage

tacgtegtga

accegttacyg

tgggaagcga

tcttgecegt

ggcgecgate

ctecectegagy

tctetegacy

ggtgccggca

taacggatag

atgttcgatc

caacgggatt

ggggatgcag

cecegeteteg

cgageegteg

gegteegtty

cgtcatgeeyg

ggtcagcettyg

gceggatteg

ggCngCgtC

ggcttcattyg

gtcgatgtat

ccgcgggaag

tttttecatyg

tcegetteate

tcegegtetgt

ccttecgate

taatcgatgg

gtgcgtgega

aatacgagcc

gcgatctegt

atccggatca

tcgecataca

cggeegtegt

cgtacgttet

tcegtagcagyg

tgcacatcgg

cgecttggega

ggatcgaatt

tccacgtaca

agcgtageca

ccgagttega

aggattcget

cgeggectec

tcegtgtggy
atcaggcege
ccggcaacca
atgcgeatgg
tgcgegecgg
cegecgecga
gcgaacaggg
tcatgeegea
cctecttege
ggatcggaca
gtgccgaacy
cegeeggecyg
tggtaggcge
atcgecegett
gcgatettee
gccagatcga
acttcegggt
tcctgecegt
gaggttgegt
cgegeagatce
ctggccaatg
cacgtaaaaa
atcgaagegyg
tcegttggag
ggctgatgte
gcgacttega
gcggattgee
aaccgtcgac
gegtgatgte
tgggatgcat
getggeggtyg
cgegeggeca
ggtcgecgta
gceccgageat
gatagtggat
acggaaaagt
cgttetgett
cgagacgete
ttcgattacyg

ccgeacgett
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56521 gaccggcceccg cggcaccegge aggggagcgg atcaggcgceg

56581 tcacggcgcce ggcecggcacg ccgatcgcga ggatcggecce

56641 gacgcggcgt gcteccgggeg ccgcatgcecge gecgcgatga

56701 tcgtttctca aaaagaaatg atcccctteg atgacgtgaa

56761 gcggcgcecce agectgcaac ggcatcgacg gggatctett

56821 gcggtgatgt ccaccgccag cctgggcecceg ggcacgggcece

56881 aaatccgcac gcagcgcecgg catcagcagce gccatcagtt

56941 ttcggtgtgc cgcccattte gecgcagcgca tcgatgaagg

57001 atgcgccgat cgtggcgcete cttgcccggt geggcacgceg

57061 aggttcggtc gtgcgtgggce gggaagccgce agggccagtt

57121 atgctgtgtc cgagcagtgc gaagggacga tcgaagcagt

57181 gtgtcgacca gcgtcgecat gtcectcecggacg gcaggcetegg

57241 gcaagttcat gacggcacac ttcgatgccc ggtaacgacg

57301 gcggccgagce cgcccgcata gggaaaacag atcagacgca

57361 gctcatctgce tgccggegceyg caggcgatgg cgctgtggaa

57421 tcaccattca ggttccagat ccggttgggce gtgagttaaa

57481 tgtcgtagga agaggggacg cgttgtcggce catgtcgaag

57541 ccecggcegegg acacggtatce ggcgaaaaca gatgcgcggg

57601 gtgtcgaacg atgcgcttcg tectttagaat gggcagcgag

57661 gcggcatccg atggtgccge cgcgctacce gataagttgg

57721 tcagaaagcc gtcccgaccce agcaagtcgce gaacgagcgce

57781 attcgcgccce ggcgccgaga ccggctggca tgttcaccgg

57841 gcaaacggac ggtcagcttc tcctcgaaac cgcacaaggce

57901 cgcecgggegce agctatgegg ggctgaaggg cgtcgagcat

57961 ccacgaagtg gtgttcgtcg aagtcgagat tctctaaggg

58021 ggccacgaca gggagcagca ggatgaaaat gaccgacatc

58081 gcgcaccgtt gaaccgaccg a
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 23
<210>
<211>
<212>
<213>
<220>

<223>

SEQ ID NO 1

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: primer

<400> SEQUENCE: 1

cgecaccegt tacgaggatt ¢

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

SEQ ID NO 2

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: primer

<400> SEQUENCE: 2

acgegtecce tettectacyg

<210> SEQ ID NO 3
<211> LENGTH: 239
<212> TYPE: PRT
<213> ORGANISM: Burkholderia contaminans MS14
<400> SEQUENCE: 3

Met Arg Leu Ile Cys Phe Pro Ala

1 5

Tyr Gly Gly Ser

10
Thr Gln
20

Arg Leu Ala Ser Leu Pro Gly Ile Glu Val

25

Ala Leu Ser Glu Pro Ala

40

Leu Gly Ser

35

Arg Gly Arg

45
Ala Thr
50

Val Thr Leu Leu

55

Leu Asp Cys Asp Leu Asp

Phe Ala Leu His Ser Met

70

Arg Pro Leu

65

Gly Gly Ala

75
Glu Ala

Ala Ala

90

Leu Leu Arg Leu Pro His Pro

85

Arg

Leu Phe Val Ser Ala Arg Ala Ala Pro Gly Lys Glu

Ala

Cys

Val

Asp

Ala

Asn

Arg

Ala

Arg

21

20

Val
15

Tyr

His Glu

30

Arg

Cys

Ile

Leu

His

Asp Met

Phe Asp

Ala Ala

80
Arg His
95

Asp Arg
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-continued

98

Arg

Met

Leu

145

Arg

Gly

Ala

Phe

Arg
225

<210>
<211>
<212>
<213>

<400>

Met

Gly

130

Leu

Pro

Arg

Ala

Phe

210

Met

Gln

115

Gly

Met

Val

Ala

Thr

195

Leu

Arg

Met Gln Asp

1

Val

Gly

Leu

Ala

65

Thr

Ala

Asp

Pro

Leu

145

Ala

Arg

Ile

Gly
225

Ala

Arg

Leu

50

Ala

Val

Ile

Tyr

Arg

130

Ala

Pro

Gly

Asp

Leu

210

Pro

Gly

Pro

35

Arg

Gly

Leu

Val

Leu

115

Phe

Gln

Thr

Glu

Gly
195

Asp

Leu

100

Ala

Thr

Pro

Pro

Asp

180

Thr

Arg

Arg

PRT

SEQUENCE :

Asn

Val

20

Leu

Arg

Ile

Gly

Pro

100

Ser

Pro

Leu

Gly

Ile
180
Phe

Gly

Leu

Leu

Pro

Ala

Gly

165

Lys

Gly

Asn

Pro

SEQ ID NO 4
LENGTH:
TYPE:
ORGANISM: Burkholderia contaminans MS14

3154

4

Asn

5

Tyr

Thr

Ile

Ala

Thr

85

Leu

Arg

Leu

Thr

Arg

165

Glu

Ala

Ala

Ala

Asp

Lys

Leu

150

Pro

Glu

Arg

Glu

Glu
230

Val

Gly

Arg

Gly

Phe

70

Pro

Ile

Val

Glu

Lys

150

Asp

Leu

Gly

Val

Ala
230

Asp

Ala

135

Arg

Arg

Ile

Phe

Met

215

His

Leu

Ile

Ser

Asp

55

Leu

Gly

Ile

Ala

Thr

135

Val

Asp

Arg

Ser

Gly
215

Phe

Arg

120

Val

Ala

Leu

Pro

Asp

200

Arg

Ala

Val

Ala

Val

40

Gly

Leu

Leu

Glu

Gly

120

Leu

Ala

Asp

Tyr

Leu
200

Asp

Asn

105

Ala

Leu

Asp

Ala

Val

185

Phe

Thr

Ala

Thr

Ala

25

Arg

Glu

Trp

Ala

Val

105

Ile

Val

Leu

Leu

Ser

185

Ala

Ile

Glu

Phe

Asp

Phe

Val

170

Asp

His

Met

Ser

Asp

Tyr

Leu

Leu

Lys

Gly

90

Arg

Val

Arg

Ala

Gln

170

Gly

Ala

Glu

Thr

Ile

Asn

Thr

155

Asp

Ala

Val

Ala

Ser
235

Arg

Ala

Thr

Ala

Tyr

75

His

Pro

Glu

Asn

Asp

155

Leu

Ala

Val

Ala

Ala
235

Asp

Ser

140

Met

Ile

Val

Ile

Gly

220

Ala

Glu

Pro

Pro

Glu

60

Phe

Pro

Asp

Asp

Glu

140

Asp

His

Ile

Leu

Ala
220

Thr

Ala

125

Glu

Ile

Thr

Ala

Glu

205

Ile

Leu

Ser

Ser

Ala

45

Phe

Arg

Ser

Glu

Ser

125

Lys

Arg

Leu

Glu

Glu
205

Pro

Ala

110

Leu

Leu

Glu

Ala

Gly

190

Gly

Ile

Gln

Leu

Gln

30

Ser

Ala

Ile

Ala

Arg

110

Tyr

Asp

Val

Arg

Pro
190
Ala

Pro

Gly

Arg

Met

Asn

Phe

175

Trp

Asp

Ala

Ala

Ser

15

Gln

Leu

Val

Pro

Arg

95

Ile

Ala

Met

His

Leu

175

Phe

Phe

Glu

Pro

Glu

Ala

His

160

Ala

Gly

His

Ala

Arg

Pro

Asp

Ala

Val

Ala

Glu

Glu

Ala

His

160

Ala

Ile

Glu

Gln

Ser
240



99

US 9,624,270 B2

-continued

100

Thr

Leu

Gly

Trp

305

Gly

Gln

Pro

Ala

385

Lys

Ala

Tyr

Leu

Asp

465

Leu

Ala

Pro

Tyr

Arg

545

Asp

Gly

Tyr

Phe

Leu
625

Lys

Ala

Pro

Ala

Asn

Val

290

Met

Pro

Asp

Trp

Gly

370

His

Gly

Ala

Ser

Val

450

Thr

Lys

Arg

Gln

Asn

530

Val

Thr

Val

His

Pro
610
Pro

Ile

Ala

Thr

Pro

Ala

275

Gly

Ile

Leu

Thr

Tyr

355

Trp

Leu

Cys

Gly

Ser

435

Arg

Ile

Leu

Ser

His

515

Glu

Glu

Arg

Pro

Gln

595

Gly

Asp

Arg

His

Val

Ala

260

Arg

Pro

Val

Asp

Gly

340

Glu

Gln

Ala

Leu

Tyr

420

Leu

Gly

Leu

Thr

Gly

500

Ile

Tyr

Asp

Val

Gly

580

Arg

Glu

Gly

Gly

Glu

Val

245

Leu

Ala

Glu

Ala

Pro

325

Leu

Phe

Pro

Tyr

Leu

405

Tyr

Cys

Lys

Ala

Pro

485

Val

Ala

Gly

Ala

Tyr

565

Glu

Pro

Ala

Arg

His

645

Asp

Ala

Val

Asn

Ser

Ile

310

Ala

Ser

Ser

Leu

Val

390

Glu

Phe

Phe

Thr

Arg

470

Thr

Arg

Thr

Pro

Pro

550

Met

Ile

Asp

Arg

Ile
630

Arg

Val

Met

Thr

Ser

Leu

295

Leu

Tyr

Leu

Gly

Pro

375

Leu

His

Pro

Asp

Leu

455

Met

His

Lys

Leu

Thr

535

Pro

Leu

Cys

Val

Ile
615
Gln

Val

Val

Phe

Asp

Leu

280

Val

Gly

Pro

Leu

Val

360

Asp

Tyr

Arg

Glu

Phe

440

Arg

Phe

Ile

Val

Arg

520

Glu

Thr

Asp

Leu

Thr

600

Tyr

Cys

Glu

Gly

Glu

Ser

265

Ala

Gly

Ile

Ala

Val

345

Thr

Asn

Thr

Asn

Ser

425

Thr

Ile

Gln

His

Ile

505

Lys

Ala

Val

Asp

Ala

585

Ala

Arg

Tyr

Leu

Ala

Ala

250

Ser

His

Ile

Leu

Glu

330

Thr

Leu

Pro

Ser

Leu

410

Thr

Leu

Tyr

Pro

Leu

490

Val

Ile

Thr

Leu

Ala

570

Gly

Ala

Thr

Gly

Gly

650

Ala

Gln

Leu

His

Met

Lys

315

Arg

Gln

Leu

Pro

Gly

395

Ala

Thr

Thr

Pro

Gly

475

Leu

Gly

Asp

Val

Ile

555

Leu

Ala

Lys

Gly

Arg

635

Glu

Val

Val

Met

Leu

Leu

300

Ala

Ile

Ser

Leu

His

380

Ser

His

Gly

Asn

Gln

460

Ser

Glu

Gly

Pro

Gly

540

Gly

Arg

Gly

Phe

Asp
620
Val

Ile

Met

Ala

Thr

Arg

285

Asp

Gly

Asn

Ser

Asp

365

Arg

Thr

Tyr

Ser

Ile

445

Ser

Gly

Tyr

Glu

Ala

525

Cys

Arg

Pro

Leu

Val

605

Ile

Asp

Glu

Leu

Arg

Tyr

270

Glu

Arg

Ala

His

Gln

350

Gln

Ala

Gly

Ile

Phe

430

Phe

Glu

Val

Met

Glu

510

Ile

Ile

Pro

Val

Ala

590

Glu

Gly

His

Ala

Arg

Thr

255

Ala

His

Ser

Ala

Ile

335

Leu

Glu

Glu

Lys

Ala

415

Gly

Cys

Ser

Asp

Asn

495

Leu

Glu

Val

Ile

Pro

575

Arg

His

Arg

Gln

Ala
655

Glu

Pro

Asp

His

Glu

Phe

320

Leu

Ala

Leu

Pro

Pro

400

Trp

Leu

Pro

Ile

Thr

480

Leu

Thr

Ile

Glu

Ala

560

Leu

Gly

Pro

Trp

Val
640

Ile

Ser
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101 102

-continued

660 665 670

Ala His Gly Val Arg Lys Leu Ala Ala Tyr Val Lys Gly Ala Ala Ser
675 680 685

Leu Ser Val Pro Asn Leu Arg Ala Tyr Leu Ala Gly Lys Leu Pro Asp
690 695 700

Tyr Met Val Pro Ser Asp Ile Ile Pro Ile Ala Glu Phe Pro Leu Asn
705 710 715 720

Ala Asn Gly Lys Leu Asp Arg Pro Ala Leu Leu Ala Leu Glu Pro Ala
725 730 735

Ala Ala Pro Glu Glu Ala Pro Leu Asp Ala Thr Pro Ile Gln Arg Glu
740 745 750

Leu Val Arg Ile Trp Arg Asp Val Leu Asp Asn Pro Ala Val Asp Leu
755 760 765

Ala Gly Arg Phe Phe Asp Tyr Gly Gly Asp Ser Leu Gln Ala Met Gln
770 775 780

Leu Val Ser Arg Ile Trp Ser Ser Phe Ser Val Glu Ile Gly Ile Asp
785 790 795 800

Ala Ile Phe Glu Leu Gln Thr Ile Ser Ala Val Ser Asp Leu Ile Glu
805 810 815

Ala Ser Ser Pro His Pro Gly Ser Thr Ala Gly Ala Ile Pro Pro Arg
820 825 830

Ser Arg Ala Asn Asp Leu Pro Leu Ser Phe Pro Gln Gln Arg Leu Trp
835 840 845

Phe Leu Ala Gln Leu Glu Gly Pro Ser Ala Thr Tyr Asn Ile Ser Ser
850 855 860

Ala Leu Arg Phe Glu Gly Glu Leu Asp Val Ala Arg Leu Arg Phe Ala
865 870 875 880

Val Ser Glu Ile Ser Arg Arg His Glu Ile Leu Arg Thr Thr Phe Pro
885 890 895

Ala Val Asp Gly Arg Gly Val Gln Arg Ile Ala Pro Pro Ala Pro Val
900 905 910

Ala Leu Asp Val Val Asp Val Ala Ser Glu Ser Asp Thr Leu Ala Leu
915 920 925

Leu Ala Glu Glu Ala Asp Arg Pro Phe Asp Leu Ala Ala Gly Pro Leu
930 935 940

Tyr Arg Val Val Leu Tyr Arg Val His Glu Arg Leu His Val Phe Gly
945 950 955 960

Ile Val Met His His Ile Val Ser Asp Ala Trp Ser Ser Gly Ile Leu
965 970 975

Ile Gly Glu Leu Ala Ala Leu Tyr Ala Gly Glu Ser Leu Pro Glu Leu
980 985 990

Ala Val Gln Tyr Ala Asp Tyr Ala Val Trp Gln His Glu Arg Leu Ala
995 1000 1005

Ser Ala Asp Thr His Arg Glu Leu Ala Leu Leu Ser Ala Ala Leu
1010 1015 1020

Ala Asp Ala Pro Asp Leu Ile Glu Leu Pro Thr Asp Arg Pro Arg
1025 1030 1035

Pro Ala Val Gln Gln Phe Arg Gly Ala Val Leu Pro Phe Gln Leu
1040 1045 1050

Ser Ala Glu Arg Ala Asp Gly Leu Arg Ala Ile Ala Arg Ala Ser
1055 1060 1065

Gly Thr Ser Thr Phe Met Val Val Leu Ala Ala Tyr Ala Leu Leu
1070 1075 1080
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-continued

104

Leu

Ile

Phe

Thr

Gly

Leu

Gly

Phe

Gly

Asp

Ala

Ala

Asp

Gln

Asp

Leu

Leu

Asp

Leu

Asp

Leu

Asp

Pro

Leu

Ser
1085

Ala
1100

Ala
1115

Phe
1130

Tyr
1145

Glu
1160

Phe
1175

Leu
1190

Asp
1205

Ser
1220

Arg
1235

Asp
1250

Glu
1265

Phe
1280

Gln
1295

Thr
1310

Ala
1325

Gly
1340

Ala
1355

Tyr
1370

Arg
1385

Thr
1400

Asp
1415

Asn
1430

Lys
1445

Trp
1460

Arg

Asn

Asn

Gly

Ser

Leu

Ala

Val

Leu

Leu

Met

Pro

Arg

Gly

Val

Ala

His

Val

Ile

Pro

Trp

Asp

Ala

Leu

Gly

Met

Tyr

Arg

Met

Asp

Arg

Glu

Tyr

Ala

Thr

Glu

Ala

Asp

Asn

Glu

Glu

Leu

His

Ala

Leu

Ala

Leu

Ala

Ala

Ala

Ala

Gln

Ser

Arg

Leu

Leu

Gln

Arg

Glu

Thr

Leu

Tyr

Glu

Arg

Leu

Asp

Arg

Thr

Leu

Met

Lys

Glu

Leu

His

Ala

Tyr

Leu

His

Asn

Ser

Ala

Leu

Glu

Asn

Lys

Pro

His

Asn

His

Pro

Leu

Ala

Thr

Tyr

Val

Glu

Ala

Arg

Thr

Val

Thr

Met

Asn

Ala

Gln
1090

Ser
1105

Leu
1120

Ala
1135

Ile
1150

Leu
1165

Ala
1180

Val
1195

Val
1210

Leu
1225

Phe
1240

Leu
1255

Thr
1270

Ala
1285

Pro
1300

Ala
1315

Ala
1330

Arg
1345

Gly
1360

Val
1375

Gln
1390

Ile
1405

Ser
1420

Ile
1435

Thr
1450

Tyr
1465

Gln

Met

Arg

Arg

Pro

Gly

Gln

Ala

Gln

Asp

Arg

Gly

Val

Gln

Asp

Glu

Leu

Ser

Gly

Arg

Gln

Val

Asn

Tyr

Ala

Asp

Thr

Val

Val

Phe

Arg

Pro

Val

Asp

Leu

Thr

Ala

Glu

Pro

Ala

Leu

Gly

Leu

Ala

Phe

His

Val

Pro

Thr

Arg

Leu

Leu

Glu

Asp

Lys

Glu

Thr

Arg

Glu

Ala

Phe

Leu

Leu

Trp

Leu

Val

Asn

Val

Asp

Tyr

Met

Leu

Asp

Ala

Ser

Ala

Asp

Val

Pro

Leu

Arg

Gln

Pro

Ala

Thr

Asp

Asp

Val

Ser

Asn

His

Ala

Leu

Gly

Met

Val

Ile

His

Arg

Pro

Gly

Ile

Ala

Ile
1095

Leu
1110

Ser
1125

Val
1140

Val
1155

Val
1170

Val
1185
His
1200

Asp
1215

Ala
1230

Asp
1245

Leu
1260

Arg
1275

Arg
1290

Ile
1305

Arg
1320

Pro
1335

Ser
1350

Pro
1365

Asp
1380

Asp
1395

Asp
1410

Ala
1425

Ser
1440

Thr
1455

Asp
1470

Gly

Ile

Gly

Ala

Val

Phe

Ser

Thr

Gly

Ala

Ala

Ser

Thr

Leu

Val

Ala

Asp

Val

Val

His

Ala

Ser

Leu

Thr

Asn

Asp

Ser

Gly

Asn

Leu

Asp

Gln

Phe

Ala

Leu

Thr

Val

Asn

Asp

Phe

Phe

Asn

Ser

Ala

Asp

Ala

Leu

Leu

Asn

Gly

Arg

Ala

Pro

Phe

Pro

Asp

Ser

Val

Pro

Lys

Ala

Ile

Ile

Asp

Thr

Glu

Asp

Arg

Leu

Leu

Pro

Gln

Pro

Asp

Gly

Arg

Ile

Val



105

US 9,624,270 B2

-continued

106

Leu

Phe

Gly

Glu

Phe

Arg

Arg

Pro

Asp

Thr

Gly

Gly

Asp

Asp

Arg

Gly

Cys

Ala

Tyr

Phe

Arg

Pro

Ile

Asn

Ile

Leu

Glu

Gln
1475

Trp
1490

Gly
1505

Arg
1520

Leu
1535

Val
1550

Cys
1565

Thr
1580

Asp
1595

Arg
1610

Val
1625

Tyr
1640

Pro
1655

Leu
1670

Ile
1685

Glu
1700

Val
1715

Tyr
1730

Leu
1745

Ala
1760

Lys
1775

His
1790

Cys
1805

Phe
1820

Ala
1835

Phe
1850

Arg

Lys

Pro

Gln

Ile

Asp

Val

Leu

Glu

Pro

Leu

Ala

His

Phe

Ala

Asp

Ile

Val

Val

Gly

Leu

Ala

Ala

Ile

Phe

Arg

Gln

Ala

Thr

Leu

Arg

Thr

His

Cys

Glu

Ala

His

Tyr

Gly

Gly

Ser

Arg

His

Glu

Ile

Ala

Gly

Glu

Leu

Pro

Asp

Glu

Ala

Tyr

Ala

Pro

Val

Glu

Thr

Pro

Ser

Arg

Ala

Arg

Ile

Glu

Glu

Ala

Tyr

Gln

Ala

Ala

Thr

Lys

Ser

Pro

Ala

Val

Leu

Asn

Gln

Cys

Phe

Thr

Thr

Ile

Asp

Gly

Leu

Val

Ile

Val

Leu

Pro

Asp

Arg

Ile

Ala

Lys

Ala

Leu

Leu

Leu

Val

Leu

Gly

Gln

Thr

Ala

Ser
1480

Gly
1495

Asp
1510

His
1525

Leu
1540

Glu
1555

Asp
1570

Asp
1585

Val
1600

Asp
1615

Leu
1630

Glu
1645

Pro
1660

Pro
1675

Lys
1690

Leu
1705

Thr
1720

Ala
1735

Ala
1750

Pro
1765

Pro
1780

Thr
1795

Gln
1810

Gly
1825

Ala
1840

Ile
1855

Pro

Phe

Ala

Tyr

Phe

Asp

Ala

Val

Val

Pro

Ala

Ile

Leu

Leu

Asp

Leu

Arg

Glu

Pro

Asp

Met

Ala

Pro

Leu

Asp

Gly

Ala

Thr

Asp

Arg

Leu

Val

Ala

Leu

Lys

Thr

Ile

Gln

Gly

Ser

Ala

Gly

Arg

Ala

Gly

Asp

Tyr

Leu

Asp

Arg

Pro

Ser

Leu

Gln

Leu

Val

Leu

Val

Pro

His

Pro

Leu

Ala

Gly

Met

Gly

Ala

Arg

Asn

Gly

His

Ala

Ile

Met

Pro

Arg

Glu

Ser

Ile

Arg

Leu

Ser

Ser

Val

Glu

Ser

Cys

His

Tyr

Trp

Arg

Gln

Thr

Glu

Leu

Ile

Leu

Pro

Arg

Ala

Val

Asn

Gly

Ile

Val

Leu

Val

Ala

Pro

Val
1485

Phe
1500

Leu
1515

Met
1530

Ala
1545

Asp
1560

Asn
1575

Glu
1590

Pro
1605

Pro
1620

Pro
1635

Lys
1650

Tyr
1665

Glu
1680

Arg
1695

Ser
1710

Thr
1725

Asp
1740

Pro
1755

Gly
1770

Asp
1785

Leu
1800

Gly
1815

Ser
1830

Thr
1845

Ala
1860

Leu

Trp Glu Leu

Ala

Ile

Leu

Ser

Leu

Leu

Cys

Ile

Thr

Val

Phe

Arg

Phe

Ile

Val

Phe

Leu

Ser

Lys

Ala

Leu

Ile

Ile

Ala

Ala

Gly

Arg

Glu

Arg

Leu

Gln

Tyr

Arg

Ala

Pro

Gly

Ile

Thr

Leu

Glu

Asp

Leu

Arg

Gln

Ile

Ala

Ala

His

Gln

Lys

Pro

Asp

Pro

Arg

Ala

Arg

Gln

Gly

Arg

Asn

Ile

Arg

Ala

Gly

Gly

Pro

Asp

Ile

Gly

Phe

Asn

Gln

Ser

Asp

Val

Gln

Glu

Ala
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-continued

108

Pro

Ala

Asp

Glu

Arg

Phe

Ala

Thr

Glu

Asp

Tyr

Trp

Asp

Pro

Thr

Ile

Arg

Trp

Arg

Ser

Ala

Arg

Leu

1865

Leu
1880

Pro
1895

Ile
1910
His
1925

Trp
1940

Ala
1955

Met
1970
His
1985

Pro
2000

Gly
2015
His
2030

Ala
2045

Glu
2060

Met
2075

Asp
2090

Thr
2105

Asn
2120

Thr
2135
His
2150

Phe
2165

Ala
2180

Ile
2195

Pro
2210

Asp
2225

Gln
2240

Arg
2255

Thr

Ser

Asp

His

Thr

Lys

Arg

Gly

Leu

Val

Gly

Leu

Ala

Pro

Asp

Ala

Asp

Gly

Val

Thr

Pro

Pro

Asp

Ile

Ser

Ala

Pro

His

Ala

Asp

Gln

Gln

Ala

Pro

Ala

Ser

Gln

His

Arg

Val

Ala

Leu

Val

Asn

Ser

Ser

Glu

Ala

Ala

Leu

Asp

Gly

Val

Tyr

Ser

Ala

Gln

Val

Ala

Leu

Arg

Trp

Pro

Leu

Leu

Asp

Ser

Leu

Leu

Thr

Asp

Ile

Gln

Asp

Ala

Phe

Gly

Arg

Gln

Asn

Arg

Leu

Val

Ile

Ala

Leu

Leu

Arg

Leu

Gln

Trp

Tyr

Ser

Arg

Leu

Arg

Ala

Tyr

Ala

Gly

Val

Asn

Trp

Ser

1870
His
1885

Gln
1900

Leu
1915

Arg
1930

Val
1945

Ala
1960

Ala
1975

Ala
1990

Phe
2005

Val
2020

Pro
2035

Gln
2050

Gln
2065

Pro
2080

Val
2095

Arg
2110

Val
2125

Thr
2140

Pro
2155

Pro
2170

Leu
2185

Leu
2200

Arg
2215

Tyr
2230

Arg
2245

Gln
2260

Trp

Thr

Ala

Leu

Ala

Asp

Asp

Ala

Val

Leu

Gly

Leu

Ala

Gly

Ser

Leu

Ala

Arg

Leu

Val

Arg

Gly

Asp

His

Pro

Arg

Phe

Val

Asp

Arg

Gly

Asp

Ala

Arg

Ser

Leu

Lys

Ala

Leu

Thr

Phe

Pro

Leu

Ile

Asp

Val

Ala

Tyr

Ser

Gly

Ala

Thr

Phe

Leu

Ala

Phe

Gly

Ala

Glu

Leu

Ile

Glu

Thr

Arg

Leu

Gly

Glu

Arg

Ala

Asp

Leu

Leu

Ala

Ser

Leu

Gln

Ala

His

Glu

Ile

Phe

Ser

Glu

Gly

Arg

Phe

His

Asp

Thr

Ser

Ala

Ala

Leu

Ala

Gln

Leu

Thr

Asp

Arg

Leu

Ala

Leu

Glu

Ala

1875

Gln
1890

Gln
1905

Arg
1920
His
1935

Met
1950

Glu
1965

Gly
1980

Cys
1995
His
2010

Leu
2025

Ser
2040

Pro
2055

Gln
2070

Ala
2085

Gly
2100

Tyr
2115

Ala
2130

Glu
2145

Arg
2160

Ala
2175

Gln
2190

Leu
2205

Ala
2220

Asp
2235

Asp
2250

Phe
2265

Glu

Val

Gln

Asp

Pro

Arg

Ile

Leu

Leu

Phe

Ala

Pro

Asn

Glu

Asp

Cys

Ser

Thr

Asp

Gln

Arg

Leu

Thr

Leu

Glu

Ile

Pro

Val

Ala

Ala

Leu

Asp

Ala

Ala

Ala

Arg

Ile

Val

Asn

Ala

Thr

Ser

His

Val

Ala

Leu

Tyr

Pro

Val

Gly

Ile

Asp

Ala

Tyr

Gly

Leu

Ala

Ile

Asp

Val

Ala

Glu

Gly

Glu

Ala

Asp

Arg

Met

Gly

Gly

Met

Arg

Gln

Lys

Leu

Ser

Val
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Ala

Glu

Phe

Ala

Gln

Tyr

Pro

Gln

Trp

Phe

Pro

Arg

Thr

Ala

Arg

Glu

Pro

Arg

Leu

Leu

Arg

Ile

Phe

Glu

Ala
2270

Arg
2285

Arg
2300

Ala
2315

Gly
2330

Phe
2345

Ala
2360

Leu
2375

Thr
2390

Arg
2405

Leu
2420

Leu
2435

Phe
2450

Ala
2465

Arg
2480

Ala
2495

Thr
2510

Val
2525

Gln
2540

Ala
2555

Asn
2570

Ala
2585

Pro
2600

Asn
2615

Ile
2630

Pro
2645

Val

Leu

Asp

Asp

Ile

Gln

Leu

Arg

Val

His

Ala

Phe

Cys

Thr

Thr

Tyr

Trp

Ala

Asp

Ala

Val

Gly

Pro

Thr

Glu

Ala

His

Arg

Asp

Leu

Gln

Arg

Thr

Arg

Arg

Asp

Arg

Trp

Leu

Gly

Ile

Trp

Ala

Lys

Arg

Leu

Thr

Met

Leu

Trp

Ser

Asp

Arg

Leu

Ile

Phe

Phe

Gln

Ala

His

Asp

Asp

Cys

Ser

Met

Met

Asp

Arg

Ser

Arg

Leu

Ile

Asp

Leu

Pro

Leu

Tyr

Gly

Arg

Leu

Glu

His

Ser

Ala

Phe

Thr

Ala

Arg

Thr

Ala

Lys

Pro

Trp

Ala

Pro

Arg

Gln

Arg

Asp

Asp

Leu

Ala

Ser

Lys
2275

Gln
2290

Asp
2305

Asp
2320

Ser
2335

Phe
2350

Trp
2365

Ala
2380

Val
2395

Ser
2410

Arg
2425

Leu
2440
His
2455

Glu
2470

Ala
2485

Leu
2500

Glu
2515

Ala
2530

Thr
2545

Thr
2560

Ala
2575

Val
2590

Gly
2605

Arg
2620

Glu
2635

Ser
2650

Leu

Thr

Phe

Ser

Leu

Val

Ala

Trp

Asp

Arg

Arg

Ile

His

Val

Val

Ala

Leu

Arg

Gln

Leu

Val

Val

Val

Leu

Val

Leu

Gln

Val

Ala

Tyr

Tyr

Val

Asn

Ala

Leu

Arg

Gly

Gln

Ile

Phe

Ala

Arg

Ala

Gln

Gln

Thr

Trp

Phe

Glu

Arg

His

Val

Val

Glu

Ala

Pro

Asp

Ser

Ala

Asp

Pro

Ala

Phe

Glu

Ile

Asp

Ala

His

Gly

Ala

Phe

Arg

Ala

Gly

Ser

Ile

Ala

Asp

Asp

Asn

Ser

Leu

Leu

Gly

Leu

Arg

Trp

Gln

Asp

Thr

Leu

Asp

Ser

Pro

Phe

Thr

Leu

Thr

Leu

Val

Ile

Ala

Ala

Ile

Trp
2280

Leu
2295

Val
2310

Ser
2325

Asp
2340

Pro
2355

Ala
2370

Asp
2385

Thr
2400

Asp
2415

Leu
2430

Asp
2445

Asp
2460

Tyr
2475

Ala
2490

Arg
2505

Lys
2520

Gly
2535

Leu
2550
His
2565

Val
2580

Thr
2595

Val
2610

Pro
2625

Gln
2640

Gln
2655

Arg

Ala

Pro

Ser

Pro

Leu

Arg

His

Phe

Phe

Gln

Thr

Gly

Leu

Pro

Ser

Ala

Asp

Asp

Arg

Leu

Val

Gly

Glu

Thr

Ser

Tyr

Ala

Asp

Leu

Ala

Gln

His

Pro

Leu

Asp

Arg

Arg

Trp

Ser

Gly

Ala

Ala

Ala

Glu

Val

Arg

Ser

Leu

Arg

Ala

Trp

Gly

His

Thr

Gln

Ala

Val

Ala

Val

Asp

Ala

Ala

His

Ser

Leu

Tyr

Asp

Thr

Pro

Ala

Thr

Arg

Gly

Phe

Pro

Met

Ser



111

US 9,624,270 B2

-continued

112

Glu

Glu

Ile

Leu

Ser

Leu

Gly

Arg

Ala

Asp

Asp

Ser

Asp

Glu

Ala

Leu

Pro

Glu

Glu

Gly

Ser

Gln

Ala

Ala

Leu
2660

Asn
2675

Glu
2690

Thr
2705

His
2720

Asp
2735

Gln
2750

Pro
2765

Ala
2780

Glu
2795

Asp
2810

Ile
2825

Arg
2840

Lys
2855

Gly
2870

Phe
2885

Leu
2900

Ala
2915

Asp
2930

Ala
2945

Ala
2960

Lys
2975

Ala
2990

Ala
3005

Val
3020

Gly
3035

Asp

Pro

Phe

Ile

Leu

Asp

Thr

Leu

Ser

Gly

Ser

Ile

Ile

Arg

Leu

Gly

Leu

Ala

Leu

Ile

Gly

Leu

Leu

Ala

Ile

Thr

Leu

Ala

Ala

Pro

Leu

Thr

Ala

Leu

Thr

Ala

Ala

Thr

Ala

Ala

Leu

Ala

Leu

Leu

Asn

Gly

Ala

Pro

Glu

Leu

Thr

Ala

Arg

Ile

Gly

Gly

Val

Asp

Val

His

Arg

Gly

Pro

Ala

Leu

Val

Ile

Pro

Ala

Val

Pro

His

Leu

Ala

Tyr

Met

Ala

Tyr

His

Ala

Leu

Ser

Asp

Ala

Thr

His

Arg

Thr

Gln

Arg

Ala

Leu

Ser

Gln

Ile

Ala

Pro

Gly

Leu

Asp

Arg

Tyr

Ser

Ile

Trp

Glu

Asp

Glu

Asp

Ser
2665

Ala
2680

Arg
2695

Pro
2710

Ile
2725

Leu
2740

Leu
2755

Ser
2770

Ala
2785

Glu
2800

Asp
2815

Leu
2830

Ser
2845

Leu
2860

Ile
2875

Ala
2890

Ser
2905

Gly
2920

His
2935

Leu
2950

Arg
2965

Phe
2980

Gln
2995

Ile
3010

Leu
3025

Arg
3040

Arg

Leu

Ala

Ala

Asn

Ala

Leu

Ala

Gly

Ala

Ile

Asn

Met

Cys

Ala

Arg

Gly

Gly

Ala

Ile

Ala

Gln

Asp

Asp

Gly

Val

Ile

Leu

Phe

Pro

Phe

Glu

Pro

Glu

Asp

Ala

Arg

Trp

Tyr

Ala

Leu

Ala

Asp

Gly

Ala

Cys

Glu

Gly

Leu

Ala

Trp

Thr

His

Gly

Arg

Asp

Asp

Ala

Arg

Glu

Arg

Pro

Gly

Ala

Arg

Phe

His

Phe

Lys

Gly

Asn

His

Glu

Arg

His

Val

Ser

Asp

Phe

Leu

Asp

Ala

Ser

Leu

Glu

Ile

Val

Phe

Pro

Pro

Val

Arg

Asp

Val

Glu

Glu

Gly

Val

Ala

Pro

Ile

Ser

Ala

Ala

Asp

Leu

Asp

Arg

Tyr

Leu
2670

Gly
2685

Ser
2700

Gly
2715

Val
2730

Ala
2745

Ala
2760

Ala
2775

Ala
2790

Ile
2805

Leu
2820

Glu
2835

Asn
2850

Pro
2865

Pro
2880

Val
2895

Ile
2910

Leu
2925

Trp
2940

Phe
2955

Lys
2970

Pro
2985

Thr
3000

Gly
3015

Pro
3030

Gly
3045

Leu

Leu Val Phe

Pro

Asn

Phe

Arg

Glu

Ala

Ile

Phe

Gly

Lys

Pro

Ser

Ala

Tyr

His

Thr

Pro

Gly

Gly

Ile

Glu

Thr

Asp

Ser

Arg

Asp

Tyr

His

Gln

Asn

Asp

Glu

Ala

Lys

Gly

Ala

Thr

Ala

Ala

Phe

Gly

Arg

Leu

Ala

Ala

Asp

Trp

Asp

Gly

Trp

Val

Asp

Pro

Ile

Met

Pro

Gly

Ala

Ala

Arg

His

Phe

Ile

Pro

Pro

Arg

Leu

Val

Val

His

Asp

Ser

Leu

Leu

Gln

Phe

Tyr
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Gln

Pro

Asp

Thr

Asp

Gly

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

3050

Ala
3065

Val
3080

Tyr
3095

Trp
3110

Val
3125

Val
3140

Asn

Pro

Ala

Gly

Pro

Leu

Phe

Ile

Pro

Trp

Lys

Ala

Ser

Ser

Gly Asp

Ala

PRT

SEQUENCE :

Met Ser His Asp

1

Ala

Pro

Pro

Trp

Ser

Tyr

Leu

Lys

145

Glu

Thr

Ala

Asn

Gln
225

Asp

Leu

Gly

50

Ser

Ala

Arg

Asp

Ser

130

Thr

Gln

Leu

Ala

Leu

210

Tyr

Met

Tyr

35

Phe

Gly

Asp

Ile

Pro

115

Leu

Ala

Val

Gly

Gly

195

Val

Val

Ala

20

Gln

Pro

Glu

Asp

Arg

100

Gly

Thr

Gln

Gly

Gly

180

Glu

Val

Leu

Ala

SEQ ID NO 5
LENGTH: 39
TYPE:
ORGANISM: Burkholderia contaminans
FEATURE:
NAME/KEY: MISC _FEATURE
LOCATION:

1

Ser

3055

His Tyr Ala

3070

Leu Phe Arg Ser

Ser

Arg

His

His

3085

Glu Ile Ala

3100

Phe Ser Ala

3115

Leu Thr Met

3130

Val Asn Ser

3145

(1) ..(391)

5

Phe

5

Lys

Val

Ala

Ile

Val

85

Pro

Ala

Ala

Thr

Leu

165

Ala

Thr

Ala

Arg

Arg

Leu

Ala

Asp

Ala

70

Val

Arg

Gly

Val

Gly

150

Gly

Leu

Leu

Leu

Arg
230

Asp Glu

Ala Ala

Ala His
40

Ile Gln
55

Val Gln

Ala Thr

Gly Tyr

Ala Ala

120

Ser Val
135

Val Ser

Val Ile

Ala Ile

Gln Pro

200

Thr Ala
215

Phe Glu

Pro Ala

Ala Gly

25

Ala Arg

Leu Tyr

Asp Val

Val Asn

90

Thr His

105

Asn Leu

Asp Thr

Leu Glu

Ala Ala

Pro

Thr

Gln

His

Leu

Phe

3060

His Ala
3075

Glu Arg
3090

Leu Arg
3105

Pro Val
3120

Leu Asp
3135

Leu Glu
3150

Pro Arg

Ile Val

Thr Ala

Lys Gln

60

Trp Thr

Trp Ala

Asn Trp

Val Leu

Ser Ala

140

Ser Leu

155

170

Asp Ala

185

Gly His

Val Val

Arg Ser

Pro Ala

His Gly

Thr Tyr

Phe Asp

220

Asp Pro

235

Arg

Thr

Gly

45

Ala

Ala

Arg

Ser

Leu

125

Arg

Leu

Pro

Thr

Gly
205

Pro

Glu

Thr

Asp

Pro Leu

Pro Gly

Leu Asp Ala

Ala

Pro

Lys

Ala

Gly

30

Glu

Phe

Ala

Ala

Pro

110

Asp

Pro

Ala

Gly

Ala
190
Ser

Ala

Ile

Val Thr

His Ala

Thr Pro

OTHER INFORMATION: putative FAD linked oxidase domain protein

Phe Leu

15

Trp Thr

Thr Pro

Leu Asn

Pro Arg

Asn Gly

95

Leu Thr

Thr Thr

Ala Arg

Thr Leu

160

Asp Ile

175

Val Pro

Leu Ser

Arg Gln

Gly Ala
240
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Phe

Ala

Ala

Ser

Thr

305

Phe

Ser

Gly

Thr

Ser
385

Leu Ala His Ile Gly Arg Ala Leu Val Val
245 250

Gly Pro Asn Gln Arg Leu Arg Cys Gln Ser
260 265

Ser Glu Leu Phe Ala Ala Pro Gly Thr Thr
275 280

Phe Leu Asp Gly Ser Gly Arg Val Glu Ala
290 295

Thr Lys Pro Trp Leu Lys Val Trp Thr Pro
310 315

Leu Ser Arg Ala Val Thr Gln Pro Tyr Asn
325 330

Ile Ser Gln Ser Ile Ser Asp Leu Val Lys
340 345

Glu Gly Ala Leu Thr Pro Leu Phe Gly Gln
355 360

Thr Ala Gly Leu Ala Leu Thr Leu Ser Gly
370 375

Arg Thr Val Leu Gln Glu
390

<210> SEQ ID NO 6

<211> LENGTH: 273

<212> TYPE: PRT

<213> ORGANISM: Burkholderia contaminans
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(273)

<223> OTHER INFORMATION: putative LuxR-type

<400> SEQUENCE: 6

Met
1
Phe

Ile

Arg

65

Pro

Asn

Gly

Arg

Ser
145

Pro

Gly

Phe Ala Lys Leu Gly Lys Val Ile Ser Ser
5 10

Ala Ser Asp Met His Ala Leu Leu Val Glu
20 25

Thr Arg Met Thr Glu Trp Thr Leu Asp Glu
Arg Val Gln Ser Leu Gly Ala Asp Gly Ala
50 55

Gly Ala Pro Ala Ala His Gly Glu Arg Glu
70 75

Leu Asn Arg Ile Leu Ala Ala Cys Asp Arg

Pro Leu Met Arg Arg Gly Asn Gly Gly Glu
100 105

Pro Gly Gly Gly Phe Gln Cys His Leu Val
115 120

Arg Tyr Val Ile Ser Leu His Arg Thr Ala
130 135

Leu Arg Glu Met Ser Phe Leu Lys Asn Phe
150 155

Leu Val Glu Trp His Ala Ser Thr Cys Arg
165 170

Ala Thr Ala Pro Gly Ala Thr Ala Gly Met
180 185

Arg His Glu Phe Glu Ser Arg Leu Ala Arg

Glu Val Thr

Tyr

Gly

Ile

300

Thr

Tyr

Arg

Thr

Asp
380

Val

Arg

285

Trp

Pro

Pro

Ile

Gln

365

Ile

Asp

270

Thr

Phe

Ser

Phe

Val

350

Leu

Trp

regulator

Ala

Ser

Pro

Pro

60

Pro

Gln

Val

Ser

Ser

140

Ala

His

Pro

Ala

Gly

Ile

Ala

45

Gly

Ala

Leu

Ala

Gly

125

His

Asp

Gly

Gly

Arg

Ser

Pro

30

Gly

Asp

Ala

Ile

Pro

110

Lys

Arg

Thr

Glu

Val
190

Val

Leu

255

Ile

Ile

Pro

Lys

Ser

335

Ile

Ala

Gly

Glu

15

Leu

Glu

Asp

His

His

Ser

Ala

Asp

Leu

Arg
175

Glu

Val

Thr

Pro

Ala

Phe

Pro

320

Asp

Gly

Ile

Trp

Arg

Thr

Val

Gly

Pro

80

Ile

Arg

Asn

Phe

Leu

160

Glu

Ala

Leu
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Leu
225
Thr

Gly

Ala

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

Ala
210
Arg

Tyr

Leu

195

Arg

Glu

Ile

Thr

Glu

Met

Lys

Lys
260

PRT

SEQUENCE :

Met Glu Phe Ser

1

Ser

Ala

Ala

65

Pro

Gly

Ala

Lys

Asp

145

Pro

Gly

Gly

Ala
225

Ser

Ser

Gly

Val

Pro

50

Leu

Pro

His

Ala

Arg

130

Asp

Leu

Pro

Arg

Val
210
Gly

Thr

Gly

Ser

Pro

35

Asp

Ala

Arg

Gly

Ile

115

Gly

Phe

Phe

Ala

Glu

195

Lys

Asp

Val

Arg

Arg

20

Val

Gly

Lys

Pro

Pro

100

Val

His

Ser

Pro

Ala

180

Arg

Leu

Thr

Glu

His
260

Asn

Ala

Arg

245

Trp

SEQ ID NO 7
LENGTH:
TYPE:
ORGANISM: Burkholderia contaminans
FEATURE:
NAME/KEY: MISC_FEATURE
LOCATION:

296

Glu

Val
215

200

Cys

Leu Gly Leu

Gly Glu Leu Gly Val Lys

230

Ala

Met

Ala

Ile

(1) ..(296)

7

Arg

5

Arg

Asp

Pro

Thr

Gly

85

Ile

Ser

Cys

Pro

Ile

165

Arg

Val

Ser

Val

Thr

245

Gly

Leu

Phe

Glu

Pro

Gly

70

Thr

His

Pro

Tyr

Gln

150

Val

Val

Ala

Thr

Pro
230

Tyr

Leu

Phe

Pro

Ile

Glu

55

Ala

Ser

Ala

Arg

Val

135

Glu

Glu

Thr

Arg

Arg

215

Ala

Leu

Thr

Val

Asp

Ala

Arg

Arg

Val

Ala

Pro

Gln

Tyr

120

Ile

Arg

Ser

Thr

Arg

200

Glu

Ile

Lys

Arg

Lys

Asp
265

His

Met

25

Ile

Arg

Ala

Leu

Leu

105

Ala

Ser

Thr

His

Ala

185

Phe

Ile

Ala

Arg

Trp
265

Leu
250

Ser

Val

10

Met

Ser

Ser

Val

His

90

Asp

Gln

Leu

Phe

Val

170

Ala

Ala

Glu

Met

Ala

250

Met

235

Gly

Val

OTHER INFORMATION: putative LuxR-type

Gly

Tyr

Glu

Leu

Cys

75

Val

Arg

Phe

Tyr

Leu

155

Ala

Pro

Asp

Ala

Arg
235

Ala

Leu

Leu

220

Glu

Ile

Pro

205

Ala

Ser

Ser

Cys

Gly

Thr

Gly

Ala
270

regulator

Glu

Asn

Leu

Gly

60

Cys

Asp

Phe

His

Arg

140

Lys

Ala

Pro

Arg

Cys

220

Phe

Val

Asp

Ala

Leu

Ala

45

Ala

Gly

Asp

Ile

Leu

125

Thr

Glu

Leu

Ala

Leu

205

Thr

Ala

Lys

Glu

Ile

Ile

30

Ile

Val

Pro

Thr

Leu

110

Val

Cys

Leu

Asp

Thr

190

Gln

Ala

Leu

Leu

Thr
270

Lys

Ile

Arg

255

Ser

Ser

15

Ala

Asp

Gly

Gln

Leu

95

Met

Thr

Thr

Ser

Ser

175

Gln

Gln

Leu

Arg

Gly

255

Ala

Met
Glu
240

His

Ala

Ser

Ala

Asp

Ala

Met

80

Ala

Gln

Arg

Phe

His

160

Ala

Ser

Ala

Leu

Glu
240

Phe

Gly
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119 120

-continued

Ala Ala Thr Glu Ala Ala Gly Gly Asp Met Arg Ser Met Arg Arg Asp
275 280 285

Tyr Ala Ser Pro Arg Leu Gly Thr
290 295

<210> SEQ ID NO 8

<211> LENGTH: 567

<212> TYPE: PRT

<213> ORGANISM: Burkholderia contaminans

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(567)

<223> OTHER INFORMATION: putative cyclic peptide transporter

<400> SEQUENCE: 8

Met Asp Ser Ala Gln Ser Lys Ser Pro Pro Trp His Ser Ala Ala Thr
1 5 10 15

Leu Met Trp Arg Ser His Pro Trp Leu Thr Leu Gly Thr Val Val Thr
20 25 30

Gly Leu Val Ser Gly Ile Ala Ser Ile Ala Gly Val Gly Leu Ile Ser
Thr Val Leu His Asp Gln Asp Asp Arg Gln Thr Leu Leu Leu Leu Phe
50 55 60

Ile Ala Val Asn Val Val Ala Val Val Cys Arg Ser Cys Ala Ala Val
65 70 75 80

Met Pro Ser Tyr Ala Cys Met Lys Val Met Thr Arg Leu Arg Val Asn
85 90 95

Leu Cys Lys Arg Ile Leu Ala Thr Pro Leu Asp Glu Ile Asp Arg Arg
100 105 110

Gly Ala Pro Asn Val Leu Thr Met Leu Thr Gln Asp Ile Pro Gln Leu
115 120 125

Ser Gln Thr Leu Leu Thr Ile Pro Thr Ile Ile Val Gln Ser Val Val
130 135 140

Leu Ile Cys Ser Ile Ala Tyr Leu Ala Tyr Leu Ser Trp Ile Val Phe
145 150 155 160

Ala Ser Thr Ile Ile Leu Thr Leu Val Gly Leu Val Leu Tyr Leu Phe
165 170 175

Phe Tyr Arg Lys Ala Val Asn Phe Thr Glu Arg Val Arg Asp Glu Phe
180 185 190

Val Gln Phe Asn Glu Tyr Thr His Gly Leu Val Phe Gly Ile Lys Glu
195 200 205

Leu Lys Leu Asn Arg Ala Arg Arg Arg Trp Phe Thr Arg Ala Ala Ile
210 215 220

Glu Leu Ser Ser Lys Arg Val Ala Gly Phe Asn Tyr Ile Glu Arg Phe
225 230 235 240

Trp Phe Met Ser Gly Asp Ser Ile Gly Gln Ile Thr Val Ala Val Leu
245 250 255

Leu Gly Cys Leu Leu Phe Gly Val Pro Ser Leu Gly Val Val Asp Pro
260 265 270

Ser Val Leu Thr Ala Ser Ile Leu Ala Val Leu Tyr Met Met Gly Pro
275 280 285

Leu Thr Met Leu Ile Asn Val Leu Pro Val Val Ala Glu Gly Lys Thr
290 295 300

Ala Leu Ala Arg Leu Ala Glu Phe Gly Phe Leu Ile Asp Asp Thr Gln
305 310 315 320

Ala Ser His Glu Glu Pro Arg Pro Ala Gly Asn Val Glu Thr Leu Ser
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121

-continued

122

Ala

Arg

Thr

Gly

385

Gly

Glu

Phe

Ala

Ser

465

Lys

Ile

Ser

Ile
545

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

Lys

Asp

Ile

370

Lys

Gly

Arg

Asn

Arg

450

Gly

Arg

Leu

Tyr

Ile

530

Arg

Arg

Ser

Asn

355

His

Ser

Thr

Tyr

Arg

435

Lys

Arg

Leu

Asp

Glu

515

Ile

Leu

Ala

Trp

340

Glu

Ala

Thr

Ile

Arg

420

Ile

Tyr

Thr

Ala

Glu

500

Val

Thr

Asp

Glu

PRT

<400> SEQUENCE:

Met

1

Leu

Ala

Pro

Ile
65

Ser

Ala

Gln

Asp

Tyr

Leu

50

Glu

Gly

Leu

Leu

Ala

Gly

35

Ile

Ser

Leu

Arg

Thr

Leu

20

Lys

Thr

Asn

Ala

Ser
100

325

Lys

Ala

Gly

Leu

Ser

405

Asn

Ile

Leu

Tyr

Leu

485

Trp

Leu

His

Ser

Ala
565

SEQ ID NO 9
LENGTH:
TYPE:
ORGANISM: Burkholderia contaminans
FEATURE:
NAME/KEY: MISC _FEATURE
LOCATION:

160

Val

Ser

Glu

Gly

390

Leu

Leu

Gly

Ala

Ser

470

Leu

Ala

Val

Asp

Gly

550

Ala

330 335

Ile Glu Leu Lys Asp Val Thr Met Asn
345 350

Val Asp Phe Val Leu Gly Pro Ile Asp
360 365

Leu Val Tyr Val Ile Gly Gly Asn Gly
375 380

Lys Val Leu Ser Gly Leu Tyr Ala Pro
395

Asp Gly Lys Val Val Asp Asp Ala Ala
410 415

Phe Ser Ala Val Phe Thr Asp Phe His
425 430

Pro Asp Arg Gly Asn Glu Ser Ile Glu
440 445

Thr Leu Lys Leu Ala Asp Lys Ile Glu
455 460

Thr Thr Arg Ala Leu Ser Thr Gly Gln
475

Cys Ala Tyr Ile Glu Asp Arg Pro Ile
490 495

Ala Asp Gln Asp Pro Val Phe Lys Arg
505 510

Pro Asp Leu Lys Ser Arg Gly Lys Cys
520 525

Asp Gln Tyr Phe Lys Leu Ala Asp Arg
535 540

Arg Ile Phe Ser Asp Thr Ala Met Cys
555

Gly

(1) ..(160)

9

Thr

5

His

Cys

Lys

Pro

Arg

85

Val

Val

Arg

Glu

Lys

Arg

70

Ser

Ala

OTHER INFORMATION: hypothetical protein

Asp Leu Glu Ala Ala Phe Val Lys Ala

Asp Cys Lys Leu Gly Asp Ala Ile Ser
25 30

Ser Thr Ala Gly Val Ile Asp Leu Ile
40 45

Leu Arg Ile Asp Tyr Ile Leu Met Tyr
55 60

Thr Leu Leu Gln Phe Leu Arg Gln Ile
75

Glu Asp Trp Thr Ala Ala Ser Val Glu
90 95

Asp Ser Pro Asp Gly Val Gly Trp Glu
105 110

Tyr

Met

Ser

Thr

400

Arg

Leu

Leu

Ile

Arg

480

Tyr

Phe

Val

Val

Ala
560

Ala

Leu

Phe

Ser

Glu

80

Ala

Arg
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123

-continued

124

Ala

Gly

Arg
145

Gln Arg Leu Leu Lys Cys Cys Ile Leu Phe Ser Asp Ser Pro
115 120 125

Ile Val Glu Ser Ile Thr Phe Leu Gly Lys His Glu Thr Ser
130 135 140

Leu Arg Ser Ala Ala Ser Asn Val Glu Leu Ser His Leu Ile
150 155

<210> SEQ ID NO 10

<211> LENGTH: 218

<212> TYPE: PRT

<213> ORGANISM: Burkholderia contaminans

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(218)

<223> OTHER INFORMATION: putative glycosyl transferase

<400> SEQUENCE: 10

Met

1

Ile

Phe

Ala

Asp

Ala

Asp

Asp

Ile

His

145

Asn

Gln

Ser

Thr

Lys Ser Thr Pro Thr Ile Asp Asn Thr Phe Ala Arg Lys Val
5 10 15

Asn Leu Asp Arg Arg Pro Asp Arg Trp Glu Ala Met Gln Arg
20 25 30

Ala Glu Gln Asn Ile Leu Thr Val Glu Arg Leu Pro Ala Val
35 40 45

Arg Leu Val Ser Val Pro Glu Ser Leu Ser His Met Arg Ala
50 55 60

Tyr Gly Cys Thr Met Ser His Leu Ala Ala Val Lys Gln Ala
70 75

Ala Gly Ala Arg Glu Val Leu Ile Phe Glu Asp Asp Ala Phe
85 90 95

Ala Asp Phe Ala Ala Arg Phe Pro Glu Phe Ile Ala Gln Val
100 105 110

Asp Trp His Met Leu Phe Leu Gly Ala Tyr His Phe Thr Pro
115 120 125

Pro Val Ala Pro Asn Ile Val Lys Ala Val Glu Thr Leu Thr
130 135 140

Ala Tyr Val Val Arg Asn Ser Leu Tyr Asp Ala Phe Ile Ala
150 155

Glu Asn Pro Pro Ala Ile Asn Asp Arg Asn Asn Leu Val Leu
165 170 175

Thr Phe Asn Cys Tyr Cys Phe Glu Pro Asn Leu Val Gly Gln
180 185 190

Gly Tyr Ser Asp Ile Met Asp Glu Val Met Pro Glu Lys Pro
195 200 205

Tyr Ser Met Pro Ile Pro Asp Gly Trp
210 215

<210> SEQ ID NO 11

<211> LENGTH: 3164

<212> TYPE: PRT

<213> ORGANISM: Burkholderia contaminans
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(3164)

<223>

<400> SEQUENCE: 11

Leu

Ser

Asn
160

Cys

Lys

Asp

Gln

Lys

80

Phe

Pro

Pro

Ala

Ile

160

Gln

Glu

Leu

OTHER INFORMATION: putative nonribosomal peptide synthetase

Met Gln Asp Asn Asn Val Leu Val Thr Asp His Arg Tyr Ala Ala Thr

1

5 10 15
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-continued

126

Ala

Ile

Ser

Asp

65

Leu

Gly

Ile

Ala

Thr

145

Asp

Arg

Ser

Gly

225

Phe

Met

Thr

Ser

Leu

305

Leu

Tyr

Leu

Gly

Pro
385

Leu

Pro

Arg

Ala

Val

50

Gly

Leu

Leu

Glu

Gly

130

Leu

Ala

Asp

Tyr

Leu

210

Asp

Asn

Phe

Asp

Leu

290

Val

Gly

Pro

Leu

Val

370

Asp

Tyr

Arg

Glu

Phe

Ala

35

Arg

Glu

Trp

Ala

Val

115

Ile

Val

Leu

Leu

Ser

195

Ala

Ile

Glu

Glu

Ser

275

Ala

Gly

Ile

Ala

Val

355

Thr

Asn

Thr

Asn

Ser

Trp

Tyr

Leu

Leu

Lys

Gly

100

Arg

Val

Arg

Ala

Gln

180

Gly

Ala

Glu

Thr

Ala

260

Ser

His

Ile

Leu

Glu

340

Thr

Leu

Pro

Ser

Leu
420

Thr

Arg

Ala

Thr

Ala

Tyr

85

His

Pro

Glu

Asn

Asp

165

Leu

Ala

Val

Ala

Ala

245

Gln

Leu

His

Met

Lys

325

Arg

Gln

Leu

Pro

Gly
405

Ala

Thr

Glu

Pro

Pro

Glu

70

Phe

Pro

Asp

Asp

Glu

150

Asp

His

Ile

Leu

Ala

230

Thr

Val

Met

Leu

Leu

310

Ala

Ile

Ser

Leu

His
390
Ser

His

Gly

Ser

Ser

Ala

55

Phe

Arg

Ser

Glu

Ser

135

Lys

Arg

Leu

Glu

Glu

215

Pro

Ala

Ala

Thr

Arg

295

Asp

Gly

Asn

Ser

Asp

375

Arg

Thr

Tyr

Ser

Leu

Gln

40

Ser

Ala

Ile

Ala

Arg

120

Tyr

Asp

Val

Arg

Pro

200

Ala

Pro

Gly

Arg

Tyr

280

Glu

Arg

Ala

His

Gln

360

Gln

Ala

Gly

Ile

Phe

Ser

25

Gln

Leu

Val

Pro

Arg

105

Ile

Ala

Met

His

Leu

185

Phe

Phe

Glu

Pro

Thr

265

Ala

His

Ser

Ala

Ile

345

Leu

Glu

Glu

Lys

Ala
425

Gly

Arg

Pro

Asp

Ala

Val

Ala

Glu

Glu

Ala

His

170

Ala

Ile

Glu

Gln

Ser

250

Pro

Asp

His

Glu

Phe

330

Leu

Ala

Leu

Pro

Pro
410

Trp

Leu

Val

Gly

Leu

Ala

75

Thr

Ala

Asp

Pro

Leu

155

Ala

Arg

Ile

His

Gly

235

His

Thr

Leu

Gly

Trp

315

Val

Gly

Gln

Pro

Ala
395
Lys

Ala

Tyr

Ala

Arg

Leu

60

Ala

Val

Ile

Tyr

Arg

140

Ala

Pro

Gly

Asp

Leu

220

Pro

Pro

Ala

Asn

Val

300

Met

Pro

Asp

Trp

Gly

380

His

Gly

Ala

Ser

Gly Val Tyr

Pro

45

Arg

Gly

Leu

Val

Leu

125

Phe

Gln

Thr

Glu

Gly

205

Asp

Leu

Thr

Pro

Ala

285

Gly

Ile

Leu

Thr

Tyr

365

Trp

Leu

Cys

Gly

Ser

30

Leu

Arg

Ile

Gly

Pro

110

Ser

Pro

Leu

Gly

Ile

190

Phe

Gly

Leu

Val

Ala

270

Arg

Pro

Val

Asp

Gly

350

Glu

Gln

Ala

Leu

Tyr
430

Leu

Thr

Ile

Ala

Thr

95

Leu

Arg

Leu

Thr

Arg

175

Glu

Ala

Ala

Ala

Val

255

Leu

Ala

Glu

Ala

Pro

335

Leu

Phe

Pro

Tyr

Leu
415

Tyr

Cys

Gly

Arg

Gly

Phe

80

Pro

Ile

Val

Glu

Lys

160

Asp

Leu

Gly

Val

Ala

240

Ala

Val

Asn

Ser

Ile

320

Ala

Ser

Ser

Leu

Val
400
Glu

Phe

Phe
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127

-continued

128

Asp
Leu
465

Met

Lys

Leu

Thr

545

Pro

Leu

Cys

Ile
625

Gln

Leu

Arg

705

Ile

Arg

Pro

Asp

Tyr

785

Ser

Thr

Gly

Pro

Phe

450

Arg

Phe

Ile

Val

Arg

530

Glu

Thr

Asp

Leu

Thr

610

Tyr

Cys

Glu

Gly

Ala

690

Ala

Ile

Pro

Leu

Val

770

Gly

Ser

Ile

Ser

Leu
850

435

Thr

Ile

Gln

His

Ile

515

Lys

Ala

Val

Asp

Ala

595

Ala

Arg

Tyr

Leu

Ala

675

Ala

Tyr

Pro

Ala

Asp

755

Leu

Gly

Phe

Ser

Thr
835

Ser

Leu

Tyr

Pro

Leu

500

Val

Ile

Thr

Leu

Ala

580

Gly

Ala

Thr

Gly

Gly

660

Ala

Tyr

Leu

Ile

Leu

740

Ala

Asp

Asp

Ser

Ala
820

Ala

Phe

Thr

Pro

Gly

485

Leu

Gly

Asp

Val

Ile

565

Leu

Ala

Lys

Gly

Arg

645

Glu

Val

Val

Ala

Ala

725

Leu

Thr

Asn

Ser

Val
805
Val

Gly

Pro

Asn

Gln

470

Ser

Glu

Gly

Pro

Gly

550

Gly

Arg

Gly

Phe

Asp

630

Val

Ile

Met

Lys

Gly

710

Glu

Ala

Pro

Pro

Leu

790

Glu

Ser

Ala

Gln

440 445

Ile Phe Cys Pro Leu Val Arg Gly Lys
455 460

Ser Glu Ser Ile Asp Thr Ile Leu Ala
475

Gly Val Asp Thr Leu Lys Leu Thr Pro
490 495

Tyr Met Asn Leu Ala Arg Ser Gly Val
505 510

Glu Glu Leu Thr Pro Gln His Ile Ala
520 525

Ala Ile Glu Ile Tyr Asn Glu Tyr Gly
535 540

Cys Ile Val Glu Arg Val Glu Asp Ala
555

Arg Pro Ile Ala Asp Thr Arg Val Tyr
570 575

Pro Val Pro Leu Gly Val Pro Gly Glu
585 590

Leu Ala Arg Gly Tyr His Gln Arg Pro
600 605

Val Glu His Pro Phe Pro Gly Glu Ala
615 620

Ile Gly Arg Trp Leu Pro Asp Gly Arg
635

Asp His Gln Val Lys Ile Arg Gly His
650 655

Glu Ala Ala Ile Ala Ala His Glu Asp
665 670

Leu Arg Glu Ser Ala His Gly Val Arg
680 685

Gly Ala Ala Ser Leu Ser Val Pro Asn
695 700

Lys Leu Pro Asp Tyr Met Val Pro Ser
715

Phe Pro Leu Asn Ala Asn Gly Lys Leu
730 735

Leu Glu Pro Ala Ala Ala Pro Glu Glu
745 750

Ile Gln Arg Glu Leu Val Arg Ile Trp
760 765

Ala Val Asp Leu Ala Gly Arg Phe Phe
775 780

Gln Ala Met Gln Leu Val Ser Arg Ile
795

Ile Gly Ile Asp Ala Ile Phe Glu Leu
810 815

Asp Leu Ile Glu Ala Ser Ser Pro His
825 830

Ile Pro Pro Arg Ser Arg Ala Asn Asp
840 845

Gln Arg Leu Trp Phe Leu Ala Gln Leu
855 860

Thr

Arg

480

Thr

Arg

Thr

Pro

Pro

560

Met

Ile

Asp

Arg

Ile

640

Arg

Val

Lys

Leu

Asp

720

Asp

Ala

Arg

Asp

Trp

800

Gln

Pro

Leu

Glu



129

US 9,624,270 B2

130

-continued
Gly Pro Ser Ala Thr Tyr Asn Ile Ser Ser Ala Leu Arg Phe Glu Gly
865 870 875 880
Glu Leu Asp Val Ala Arg Leu Arg Phe Ala Val Ser Glu Ile Ser Arg
885 890 895
Arg His Glu Ile Leu Arg Thr Thr Phe Pro Ala Val Asp Gly Arg Gly
900 905 910
Val Gln Arg Ile Ala Pro Pro Ala Pro Val Ala Leu Asp Val Val Asp
915 920 925
Val Ala Ser Glu Ser Asp Thr Leu Ala Leu Leu Ala Glu Glu Ala Asp
930 935 940
Arg Pro Phe Asp Leu Ala Ala Gly Pro Leu Tyr Arg Val Val Leu Tyr
945 950 955 960
Arg Val His Glu Arg Leu His Val Phe Gly Ile Val Met His His Ile
965 970 975
Val Ser Asp Ala Trp Ser Ser Gly Ile Leu Ile Gly Glu Leu Ala Ala
980 985 990
Leu Tyr Ala Gly Glu Ser Leu Pro Glu Leu Ala Val Gln Tyr Ala Asp
995 1000 1005
Tyr Ala Val Trp Gln His Glu Arg Leu Ala Ser Ala Asp Thr His
1010 1015 1020
Arg Glu Leu Ala Leu Leu Ser Ala Ala Leu Ala Asp Ala Pro Asp
1025 1030 1035
Leu Ile Glu Leu Pro Thr Asp Arg Pro Arg Pro Ala Val Gln Gln
1040 1045 1050
Phe Arg Gly Ala Val Leu Pro Phe Gln Leu Ser Ala Glu Arg Ala
1055 1060 1065
Asp Gly Leu Arg Ala Ile Ala Arg Ala Ser Gly Thr Ser Thr Phe
1070 1075 1080
Met Val Val Leu Ala Ala Tyr Ala Leu Leu Leu Ser Arg Tyr Ser
1085 1090 1095
Asn Gln Gln Asp Leu Val Ile Gly Ser Pro Ile Ala Asn Arg Arg
1100 1105 1110
Ser Ser Met Thr Glu Pro Leu Ile Gly Phe Phe Ala Asn Met Leu
1115 1120 1125
Ala Leu Arg Val Asp Leu Ser Gly Asn Pro Thr Phe Gly Asp Leu
1130 1135 1140
Leu Ala Arg Val Lys Arg Val Ala Leu Asp Gly Tyr Ser Arg Gln
1145 1150 1155
Glu Ile Pro Phe Glu Gln Val Val Asp Ser Leu Glu Leu Glu Arg
1160 1165 1170
Asn Leu Gly Arg Thr Pro Val Phe Gln Val Val Phe Ala Tyr Glu
1175 1180 1185
Lys Ala Gln Pro Arg Ala Val Ser Phe Pro Gly Leu Val Ala Thr
1190 1195 1200
Pro Val Ala Val Glu Thr His Thr Ala Lys Phe Asp Leu Thr Leu
1205 1210 1215
His Val Gln Asp Ala Asp Asp Gly Leu Ala Gly Ser Leu Glu Tyr
1220 1225 1230
Asn Leu Asp Leu Phe Asp Ala Ala Thr Ile Asp Arg Met Ala Glu
1235 1240 1245
His Phe Arg Thr Leu Val Asp Ala Val Ile Ala Asp Pro Asp Arg
1250 1255 1260
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-continued

132

Pro

Leu

Ala

Thr

Tyr

Glu

Ala

Arg

Thr

Thr

Met

Asn

Ala

Phe

Thr

Thr

Ile

Asp

Gly

Leu

Ile

Leu

Pro

Leu
1265

Thr
1280

Ala
1295

Pro
1310

Ala
1325

Ala
1340

Arg
1355

Gly
1370

Val
1385

Gln
1400

Ile
1415

Ser
1430

Ile
1445

Thr
1460

Tyr
1475

Ser
1490

Gly
1505

Asp
1520

His
1535

Leu
1550

Glu
1565

Asp
1580

Asp
1595

Val
1610

Asp
1625

Leu
1640

Glu

Gly

Val

Gln

Asp

Glu

Leu

Ser

Gly

Arg

Gln

Val

Asn

Tyr

Ala

Phe

Ala

Tyr

Phe

Asp

Ala

Val

Val

Pro

Ala

Ile

Leu

Ala

Glu

Pro

Ala

Leu

Gly

Leu

Ala

Phe

His

Val

Pro

Thr

Arg

Leu

Asp

Arg

Leu

Val

Ala

Leu

Lys

Thr

Ile

Gln

Gly

Ser

Leu

Trp

Leu

Val

Asn

Val

Asp

Tyr

Met

Leu

Asp

Ala

Ser

Ala

Asp

Val

Leu

Val

Pro

His

Pro

Leu

Ala

Gly

Met

Gly

Ala

Ser

Asn

His

Ala

Leu

Gly

Met

Val

Ile

His

Arg

Pro

Gly

Ile

Ala

Ser

Val

Glu

Ser

Cys

His

Tyr

Trp

Arg

Gln

Thr

Glu

Leu
1270

Arg
1285

Arg
1300

Ile
1315

Arg
1330

Pro
1345

Ser
1360

Pro
1375

Asp
1390

Asp
1405

Asp
1420

Ala
1435

Ser
1450

Thr
1465

Asp
1480

Val
1495

Phe
1510

Leu
1525

Met
1540

Ala
1555

Asp
1570

Asn
1585

Glu
1600

Pro
1615

Pro
1630

Pro
1645

Lys

Ser

Thr

Leu

Val

Ala

Asp

Val

Val

His

Ala

Ser

Leu

Thr

Asn

Asp

Trp

Ala

Ile

Leu

Ser

Leu

Leu

Cys

Ile

Thr

Val

Phe

Asn

Asp

Phe

Phe

Asn

Ser

Ala

Asp

Ala

Leu

Leu

Asn

Gly

Arg

Ala

Glu

Arg

Glu

Arg

Leu

Gln

Tyr

Arg

Ala

Pro

Gly

Ile

Asp

Thr

Glu

Asp

Arg

Leu

Leu

Pro

Gln

Pro

Asp

Gly

Arg

Ile

Val

Leu

Pro

Arg

Ala

Arg

Gln

Gly

Arg

Asn

Ile

Arg

Ala

Ala

Asp

Gln

Asp

Leu

Val

Leu

Asp

Leu

Asp

Leu

Asp

Pro

Leu

Leu

Phe

Gly

Glu

Phe

Arg

Arg

Pro

Asp

Thr

Gly

Gly

Asp

Glu Arg Asn Leu

1275

Phe
1290

Gln
1305

Thr
1320

Ala
1335

Gly
1350

Ala
1365

Tyr
1380

Arg
1395

Thr
1410

Asp
1425

Asn
1440

Lys
1455

Trp
1470

Gln
1485

Trp
1500

Gly
1515

Arg
1530

Leu
1545

Val
1560

Cys
1575

Thr
1590

Asp
1605

Arg
1620

Val
1635

Tyr
1650

Pro

Gly

Val

Ala

Val

Ile

Pro

Trp

Asp

Ala

Leu

Gly

Met

Lys

Pro

Gln

Ile

Asp

Val

Leu

Glu

Pro

Leu

Ala

His

Phe

Glu

Glu

Leu

His

Ala

Leu

Ala

Leu

Ala

Ala

Ala

Ala

Gln

Thr

Leu

Arg

Thr

His

Cys

Glu

Ala

His

Tyr

Gly

Gly

Ser

Asp

Arg

Thr

Leu

Met

Lys

Glu

Leu

His

Ala

Tyr

Leu

His

Pro

Val

Glu

Thr

Pro

Ser

Arg

Ala

Arg

Ile

Glu

Glu

Ala
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Asp

Arg

Ile

Ala

Lys

Ala

Leu

Leu

Leu

Leu

Gly

Gln

Thr

Ala

Gln

Asn

Arg

Leu

Ile

Ala

Leu

Leu

Arg

Leu

1655

Pro
1670

Pro
1685

Lys
1700

Leu
1715

Thr
1730

Ala
1745

Ala
1760

Pro
1775

Pro
1790

Thr
1805

Gln
1820

Gly
1835

Ala
1850

Ile
1865

Pro
1880
His
1895

Gln
1910

Leu
1925

Arg
1940

Val
1955

Ala
1970

Ala
1985

Ala
2000

Phe
2015

Val
2030

Pro
2045

Leu

Asp

Leu

Arg

Glu

Pro

Asp

Met

Ala

Pro

Leu

Asp

Gly

Ala

Thr

Trp

Thr

Ala

Leu

Ala

Asp

Asp

Ala

Val

Leu

Gly

Ala

Gly

Arg

Ala

Gly

Asp

Tyr

Leu

Asp

Arg

Pro

Ser

Leu

Gln

Leu

Phe

Val

Asp

Arg

Gly

Asp

Ala

Arg

Ser

Leu

Lys

Arg

Asn

Gly

His

Ala

Ile

Met

Pro

Arg

Glu

Ser

Ile

Arg

Leu

Ser

Phe

Leu

Ala

Phe

Gly

Ala

Glu

Leu

Ile

Glu

Thr

Leu

Ile

Leu

Pro

Arg

Ala

Val

Asn

Gly

Ile

Val

Leu

Val

Ala

Pro

Glu

Ile

Phe

Ser

Glu

Gly

Arg

Phe

His

Asp

Thr

1660

Tyr
1675

Glu
1690

Arg
1705

Ser
1720

Thr
1735

Asp
1750

Pro
1765

Gly
1780

Asp
1795

Leu
1810

Gly
1825

Ser
1840

Thr
1855

Ala
1870

Leu
1885

Gln
1900

Gln
1915

Arg
1930
His
1945

Met
1960

Glu
1975

Gly
1990

Cys
2005
His
2020

Leu
2035

Ser
2050

Arg

Phe

Ile

Val

Phe

Leu

Ser

Lys

Ala

Leu

Ile

Ile

Ala

Ala

Gly

Glu

Val

Gln

Asp

Pro

Arg

Ile

Leu

Leu

Phe

Thr

Leu

Glu

Asp

Leu

Arg

Gln

Ile

Ala

Ala

His

Gln

Lys

Pro

Asp

Ile

Pro

Val

Ala

Ala

Leu

Asp

Ala

Ala

Ala

Arg

Gly

Gly

Pro

Asp

Ile

Gly

Phe

Asn

Gln

Ser

Asp

Val

Gln

Glu

Ala

Asp

Ala

Tyr

Gly

Leu

Ala

Ile

Asp

Val

Ala

Glu

Asp

Arg

Gly

Cys

Ala

Tyr

Phe

Arg

Pro

Ile

Asn

Ile

Leu

Glu

Pro

Ala

Asp

Glu

Arg

Phe

Ala

Thr

Glu

Asp

Tyr

Trp

1665

Leu
1680

Ile
1695

Glu
1710

Val
1725

Tyr
1740

Leu
1755

Ala
1770

Lys
1785
His
1800

Cys
1815

Phe
1830

Ala
1845

Phe
1860

Arg
1875

Leu
1890

Pro
1905

Ile
1920
His
1935

Trp
1950

Ala
1965

Met
1980
His
1995

Pro
2010

Gly
2025
His
2040

Ala
2055

Ala

Asp

Ile

Val

Val

Gly

Leu

Ala

Ala

Ile

Phe

Arg

Gln

Ala

Thr

Ser

Asp

His

Thr

Lys

Arg

Gly

Leu

Val

Gly

Leu

Arg

His

Glu

Ile

Ala

Gly

Glu

Leu

Pro

Asp

Glu

Ala

Tyr

Ala

Pro

His

Ala

Asp

Gln

Gln

Ala

Pro

Ala

Ser

Gln

His

Tyr

Gln

Ala

Ala

Thr

Lys

Ser

Pro

Ala

Val

Leu

Asn

Gln

Cys

Val

Tyr

Ser

Ala

Gln

Val

Ala

Leu

Arg

Trp

Pro

Leu
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Gln

Trp

Tyr

Ser

Arg

Leu

Arg

Ala

Tyr

Ala

Gly

Asn

Trp

Ser

Gly

Arg

Leu

Glu

Ser

Ala

Phe

Thr

Ala

Arg

Gln
2060

Gln
2075

Pro
2090

Val
2105

Arg
2120

Val
2135

Thr
2150

Pro
2165

Pro
2180

Leu
2195

Leu
2210

Arg
2225

Tyr
2240

Arg
2255

Gln
2270

Lys
2285

Gln
2300

Asp
2315

Asp
2330

Ser
2345

Phe
2360

Trp
2375

Ala
2390

Val
2405

Ser
2420

Arg
2435

Leu

Ala

Gly

Ser

Leu

Ala

Arg

Leu

Val

Arg

Gly

Asp

His

Pro

Arg

Leu

Thr

Phe

Ser

Leu

Val

Ala

Trp

Asp

Arg

Arg

Ala

Leu

Thr

Phe

Pro

Leu

Ile

Asp

Val

Ala

Tyr

Ser

Gly

Ala

Thr

Gln

Val

Ala

Tyr

Tyr

Val

Asn

Ala

Leu

Arg

Gly

Arg

Leu

Gly

Glu

Arg

Ala

Asp

Leu

Leu

Ala

Ser

Leu

Gln

Ala

His

Val

Glu

Ala

Pro

Asp

Ser

Ala

Asp

Pro

Ala

Phe

Ser

Ala

Ala

Leu

Ala

Gln

Leu

Thr

Asp

Arg

Leu

Ala

Leu

Glu

Ala

Asp

Asn

Ser

Leu

Leu

Gly

Leu

Arg

Trp

Gln

Asp

Pro
2065

Gln
2080

Ala
2095

Gly
2110

Tyr
2125

Ala
2140

Glu
2155

Arg
2170

Ala
2185

Gln
2200

Leu
2215

Ala
2230

Asp
2245

Asp
2260

Phe
2275

Trp
2290

Leu
2305

Val
2320

Ser
2335

Asp
2350

Pro
2365

Ala
2380

Asp
2395

Thr
2410

Asp
2425

Leu
2440

Ala

Pro

Asn

Glu

Asp

Cys

Ser

Thr

Asp

Gln

Arg

Leu

Thr

Leu

Glu

Arg

Ala

Pro

Ser

Pro

Leu

Arg

His

Phe

Phe

Gln

Ile

Val

Asn

Ala

Thr

Ser

His

Val

Ala

Leu

Tyr

Pro

Val

Gly

Ile

Tyr

Ala

Asp

Leu

Ala

Gln

His

Pro

Leu

Asp

Arg

Gly

Glu

Ala

Asp

Arg

Met

Gly

Gly

Met

Arg

Gln

Lys

Leu

Ser

Val

Gly

His

Thr

Gln

Ala

Val

Ala

Val

Asp

Ala

Ala

Asp

Pro

Val

Thr

Ile

Val

Arg

Trp

His

Arg

Ser

Ala

Arg

Leu

Ala

Glu

Phe

Ala

Gln

Tyr

Pro

Val

Gln

Trp

Phe

Pro

Glu
2070

Met
2085

Asp
2100

Thr
2115

Asn
2130

Thr
2145
His
2160

Phe
2175

Ala
2190

Ile
2205

Pro
2220

Asp
2235

Gln
2250

Arg
2265

Ala
2280

Arg
2295

Arg
2310

Ala
2325

Gly
2340

Phe
2355

Ala
2370

Leu
2385

Thr
2400

Arg
2415

Leu
2430

Leu
2445

Ala

Pro

Asp

Ala

Asp

Gly

Val

Thr

Pro

Pro

Asp

Ile

Ser

Ala

Val

Leu

Asp

Asp

Ile

Gln

Leu

Arg

Val

His

Ala

Phe

Arg

Val

Ala

Leu

Val

Asn

Ser

Ser

Glu

Ala

Ala

Leu

Asp

Gly

Ala

His

Arg

Asp

Leu

Gln

Arg

Thr

Arg

Arg

Asp

Arg

Leu

Asp

Ser

Leu

Leu

Thr

Asp

Ile

Gln

Asp

Ala

Phe

Gly

Arg

Asp

Arg

Leu

Ile

Phe

Phe

Gln

Ala

His

Asp

Asp

Cys
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Thr

Ala

Lys

Pro

Trp

Ala

Pro

Arg

Gln

Arg

Asp

Asp

Leu

Ala

Ser

Asp

Ala

Thr

Arg

Thr

Gln

Arg

Ala

Leu

Ser

Gln

Leu
2450

His
2465

Glu
2480

Ala
2495

Leu
2510

Glu
2525

Ala
2540

Thr
2555

Thr
2570

Ala
2585

Val
2600

Gly
2615

Arg
2630

Glu
2645

Ser
2660

Ser
2675

Ala
2690

Arg
2705

Pro
2720

Ile
2735

Leu
2750

Leu
2765

Ser
2780

Ala
2795

Glu
2810

Asp
2825

Leu

Ile

His

Val

Val

Ala

Leu

Arg

Gln

Leu

Val

Val

Val

Leu

Val

Leu

Leu

Ala

Ala

Ala

Leu

Ala

Gly

Ala

Ile

Asn

Met

Gln

Ile

Phe

Ala

Arg

Ala

Gln

Gln

Thr

Trp

Phe

Glu

Arg

His

Val

Phe

Pro

Phe

Glu

Pro

Glu

Asp

Ala

Arg

Trp

Tyr

Ala

Glu

Ile

Asp

Ala

His

Gly

Ala

Phe

Arg

Ala

Gly

Ser

Ile

Ala

Asp

Asp

Asp

Ala

Arg

Glu

Arg

Pro

Gly

Ala

Arg

Phe

His

Thr

Leu

Asp

Ser

Pro

Phe

Thr

Leu

Thr

Leu

Val

Ile

Ala

Ala

Ile

Ser

Leu

Glu

Ile

Val

Phe

Pro

Pro

Val

Arg

Asp

Val

Asp
2455

Asp
2470

Tyr
2485

Ala
2500

Arg
2515

Lys
2530

Gly
2545

Leu
2560

His
2575

Val
2590

Thr
2605

Val
2620

Pro
2635

Gln
2650

Gln
2665

Leu
2680

Gly
2695

Ser
2710

Gly
2725

Val
2740

Ala
2755

Ala
2770

Ala
2785

Ala
2800

Ile
2815

Leu
2830

Glu

Thr

Gly

Leu

Pro

Ser

Ala

Asp

Asp

Arg

Leu

Val

Gly

Glu

Thr

Ser

Leu

Pro

Phe

Arg

Glu

Ala

Ile

His

Phe

Gly

Lys

Arg

Trp

Ser

Gly

Ala

Ala

Ala

Glu

Val

Arg

Ser

Leu

Arg

Ala

Trp

Val

Asp

Tyr

His

Gln

Asn

Asp

Glu

Ala

Lys

Gly

Ala

His

Ser

Leu

Tyr

Asp

Thr

Pro

Ala

Thr

Arg

Gly

Phe

Pro

Met

Ser

Phe

Asp

Pro

Ile

Met

Pro

Gly

Ala

Ala

Arg

His

Phe

Arg

Thr

Ala

Arg

Glu

Pro

Arg

Leu

Leu

His

Arg

Ile

Phe

Glu

Glu

Glu

Ile

Leu

Ser

Leu

Gly

Arg

Ala

Asp

Asp

Ser

Asp

Phe
2460

Ala
2475

Arg
2490

Ala
2505

Thr
2520

Val
2535

Gln
2550

Ala
2565

Asn
2580

Ala
2595

Pro
2610

Asn
2625

Ile
2640

Pro
2655

Leu
2670

Asn
2685

Glu
2700

Thr
2715

His
2730

Asp
2745

Gln
2760

Pro
2775

Ala
2790

Glu
2805

Asp
2820

Ile
2835

Arg

Cys Trp Ser

Thr

Thr

Tyr

Trp

Ala

Asp

Ala

Val

Gly

Pro

Thr

Glu

Pro

Phe

Ile

Leu

Asp

Thr

Leu

Ser

Gly

Ser

Ile

Ile

Arg

Leu

Gly

Ile

Trp

Ala

Lys

Arg

Leu

Thr

Met

Leu

Trp

Ser

Ala

Pro

Leu

Thr

Ala

Leu

Thr

Ala

Ala

Thr

Ala

Ala

Leu

Met

Met

Asp

Arg

Ser

Arg

Leu

Ile

Leu

Pro

Leu

Tyr

Gly

Val

Asp

Val

His

Arg

Gly

Pro

Ala

Leu

Val

Ile

Pro
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-continued

2840 2845 2850

Ile Ser Cys Leu Phe Glu Asn Pro Thr Ile Glu Lys Leu Ala Ala
2855 2860 2865

Ala Leu Ala Ala Lys Glu Pro Ser Ala Pro Ala Gly Gly Leu Val
2870 2875 2880

Pro Ile Arg Asp Gly Gly Pro Ala Ala Pro Leu Phe Leu Leu Pro
2885 2890 2895

Gly Ala Gly Gly Asn Val Val Tyr Phe Arg Pro Leu Ala Asn His
2900 2905 2910

Leu Ser Gly Ala His Ala Ile His Gly Leu Glu Ala Leu Gly Leu
2915 2920 2925

Asp Gly Ala Cys Glu Pro Leu Thr Arg Val Glu Asp Ile Ala Ala
2930 2935 2940

Arg His Ile Glu Arg Ile Trp Pro Leu Val Gly Ala Gly Pro Tyr
2945 2950 2955

Tyr Leu Ala Gly His Ser Phe Gly Ala His Val Ala Leu Glu Met
2960 2965 2970

Ser Arg Gln Leu Val Ala Lys Gly Ala Asp Val Lys Leu Leu Ala
2975 2980 2985

Ile Phe Asp Ala Ser Ala Pro 1Ile Asp Ser Ser Ala Ala Thr Tyr
2990 2995 3000

Trp Gln Asp Trp Asp Asp Thr Glu Trp Leu Val Ala Ile Ala His
3005 3010 3015

Glu Ile Gly Thr Phe Leu Gly Thr Asp Leu Gln Val Thr Arg Ala
3020 3025 3030

Asp Leu Val His Leu Asp Pro Asp Gly Gln Ala Gly Leu Ile Leu
3035 3040 3045

Glu Arg 1Ile Gly Asp Arg Gly Ser Trp Phe Ala Asp Ala Gly Ser
3050 3055 3060

Asp Arg Leu Arg Ala Tyr Leu Arg Val Tyr Gln Ala 2Asn Phe Lys
3065 3070 3075

Ser His Tyr Ala Pro His Ala Thr Pro Leu Pro Val Pro Ile Ala
3080 3085 3090

Leu Phe Arg Ser Thr Glu Arg Asp Pro Gly Asp Tyr Ala Pro Ser
3095 3100 3105

Ser Glu Ile Ala Gln Leu Arg Leu Asp Ala Thr Trp Gly Trp Ser
3110 3115 3120

Arg Phe Ser Ala His Pro Val Ala Val Thr Asp Val Pro Gly Asp
3125 3130 3135

His Leu Thr Met Leu Leu Asp Pro His Ala Gly Val Leu Ala Ala
3140 3145 3150

His Val Asn Ser Phe Leu Glu Lys Thr Pro Ser
3155 3160

<210> SEQ ID NO 12

<211> LENGTH: 3021

<212> TYPE: PRT

<213> ORGANISM: Burkholderia contaminans

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(3021)

<223> OTHER INFORMATION: putative nonribosomal peptide synthetase

<400> SEQUENCE: 12

Met Gln Glu Gly Met Leu Phe His Ala Val His Glu Pro Gly Ser Arg
10

1

15
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142

Ser

Ala

Met

65

Leu

Asp

Arg

Ile

145

Pro

Glu

Arg

Arg

Leu

225

Asn

Gly

Asn

Pro

Lys

305

Pro

Leu

Leu

Asn

Trp
385

Met

Ala

Ser

Leu

Arg

50

His

Pro

Leu

Leu

His

130

Phe

Pro

Pro

Thr

Phe

210

Ser

Thr

Glu

Leu

Val

290

Met

Leu

Phe

Thr

Arg

370

Lys

Gln

Asp

Phe

Phe

35

Thr

Ala

Glu

Ala

Val

115

Ile

Glu

Val

Gln

Pro

195

Gly

Ala

Leu

Thr

Pro

275

Arg

Ile

Pro

Glu

His

355

Ala

Met

Arg

Pro

Asn

20

His

Ser

Arg

His

Glu

100

Arg

Leu

Val

Arg

Ala

180

Thr

Gln

Arg

Ala

Asp

260

Gly

Val

Gln

Asp

Ser

340

Gly

Asp

Glu

Met

Asn
420

Gln

Ala

Phe

Ala

Glu

85

Gly

Val

Ala

Tyr

Pro

165

Ala

Pro

Gly

Leu

Gln

245

Val

Ile

Arg

Ala

Ile

325

Asn

Ala

Ile

Leu

Leu

405

Arg

Leu

Ala

His

Thr

70

Gln

Phe

Ala

Asp

Gly

150

Tyr

Gln

Leu

Leu

Arg

230

Ala

Val

Glu

Val

Arg

310

Gln

Ile

His

Pro

Ser
390

Gly

Leu

Ser Cys Arg Ile Thr Gly Ser Leu Asp
25 30

Trp Gln Gln Leu Ile Asp Arg His Pro
40 45

Trp Glu Glu Phe Asp Lys Pro Met Gln
55 60

Leu Pro Trp Val Gln Asp Asp Trp Leu
75

Arg Ser Arg Trp Arg Ala His Leu Asp
Ala Leu Asp Arg Ala Pro Leu Val Arg
105 110

Ala Asp Ala Tyr Leu Phe Ser Trp Ser
120 125

Gly Trp Cys Leu Ser Leu Val Ile Glu
135 140

Ala Leu Ala Arg Gly Val Ser Pro Ala
155

Arg Asp Tyr Ile Gln Trp Leu Gln Gln
170 175

Gln Tyr Trp Thr Arg Tyr Leu Glu Gly
185 190

Pro Thr Ala Ala Arg Ala Gly Ala Asp
200 205

Ala Gln Val Gln Ala Asp Leu Ser Ala
215 220

Gln Phe Ala Ala Arg His His Val Thr
235

Ala Trp Ala Leu Val Leu Ser Arg Tyr
250 255

Phe Gly Ala Val Val Ser Gly Arg Gly
265 270

Thr Met Leu Gly Leu Phe Ile Asn Thr
280 285

Asp Pro Arg Gln Pro Leu Val Pro Trp
295 300

Val Ala Ala Arg Ala Pro Phe Glu His
315

Arg Cys Ser Asp Val Pro Pro Thr Ala
330 335

Thr Phe Met Asn Tyr Pro Leu Asp Ala
345 350

Gly Leu Ala Val Asp Glu Val Gln Leu
360 365

Leu Glu Phe Val Val Thr Ala Arg Asp
375 380

Phe Asp Pro Arg Arg Phe Asp Glu Asp
395

His Val Ala Ala Thr Leu Asp Ala Phe
410 415

Leu Gly Arg Val Pro Ile Leu Pro Asp
425 430

Pro

Val

Val

Asp

80

Asn

Cys

His

Glu

Leu

160

His

Phe

Glu

Asp

Leu

240

Ser

Ala

Val

Leu

Thr

320

Pro

Ser

Tyr

Asp

Thr
400

Ala

Ala
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144

Glu

Asp

His

465

Gly

Ala

Ser

Ala

Ile

545

Leu

Ala

Asp

Lys

Glu

625

Ala

Leu

Pro

Glu

Arg

705

Met

Ile

Ala

Gly

Asn

785

Ala

Phe

Thr

Gly

Arg

Ala

450

Pro

Glu

Ala

Ala

Tyr

530

Leu

Pro

Thr

Ser

Gly

610

Ile

Pro

Val

Ala

Leu

690

Pro

Val

Pro

Gln

Lys

770

Leu

Val

Val

Arg

Arg

Arg

435

Ala

Glu

Leu

Asp

Gln

515

Ile

Glu

Pro

Asp

Leu

595

Ala

Asp

His

Gly

Arg

675

Val

Ala

Ser

Leu

His

755

Pro

Cys

Gly

Glu

Asp
835

Lys

Gln

Leu

Arg

Asn

Leu

500

Leu

Pro

Asp

Glu

Ala

580

Ala

Met

Glu

Cys

Gly

660

Phe

Pro

Leu

Pro

Val

740

Arg

Ile

Pro

Arg

Asp

820

Ile

Asp

Leu

Thr

Pro

Ala

485

Gly

Met

Val

Ser

Leu

565

Val

Tyr

Val

Phe

Phe

645

Lys

Val

Ser

Met

Ala

725

Asn

Met

Arg

Ile

Gly
805
Pro

Gly

His

Leu

Val

Ala

470

Arg

Pro

Glu

Asp

Gly

550

Ala

Asp

Val

Glu

Ser

630

Asp

Thr

Ala

Tyr

Arg

710

Leu

Ala

Thr

Asn

Gly

790

Tyr

Phe

Cys

Gln

Glu

Val

455

Val

Ala

Asp

Ala

Pro

535

Ala

Gly

Asp

Ile

His

615

Ile

Ile

Val

Tyr

Leu

695

His

Val

Tyr

Gly

Val

775

Ile

Leu

His

Tyr

Leu

Thr

440

His

Glu

Asn

Ala

Ile

520

Asn

Ala

Ile

Ser

Tyr

600

Ala

Ser

Ser

Ile

Leu

680

Ser

Leu

Lys

Gly

Ala

760

Arg

Pro

Asn

Pro

Leu
840

Lys

Phe

Arg

Tyr

Arg

Leu

505

Leu

Tyr

Leu

Ala

Asn

585

Thr

Gly

Ala

Val

Val

665

Glu

Ala

Arg

Gln

Pro

745

Pro

Leu

Gly

Asn

Gln
825

Pro

Ile

Asn

Leu

Arg

Ile

490

Val

Ala

Pro

Val

Leu

570

Pro

Ser

Met

Ser

Trp

650

Asp

Thr

Val

His

Trp

730

Ala

Ser

Tyr

Glu

Glu

810

Arg

Asp

Arg

Asp

Glu

Asp

475

Ala

Ala

Val

Val

Ile

555

Val

Gly

Gly

Leu

Ser

635

Gln

Asp

Thr

Leu

Leu

715

Phe

Glu

Thr

Val

Leu

795

Ala

Gly

Gly

Gly

Thr

Gln

460

Gly

His

Ile

Trp

Ala

540

Thr

Val

Arg

Ser

Asn

620

Val

Phe

Asp

Arg

Asp

700

Leu

Asp

Ala

Pro

Val

780

Cys

Ala

Val

Thr

Tyr

Ala

445

Ala

Val

Arg

Cys

Lys

525

Arg

Cys

Ser

Pro

Thr

605

His

Ile

Phe

Cys

Ile

685

Arg

Val

Val

Ser

Tyr

765

Asp

Val

Thr

Arg

Ile
845

Arg

Val

Ala

Leu

Leu

Met

510

Cys

Ile

Asp

Leu

Val

590

Gly

Met

Ala

Thr

Ile

670

Ser

Ala

Thr

Phe

Asp

750

Val

Pro

Ser

Gln

Leu
830

Val

Ile

Pro

Ala

Ser

Leu

495

His

Gly

Arg

Gly

Asp

575

Ser

Lys

Leu

Gln

Ala

655

Arg

Ile

Ser

Gly

Pro

735

Asp

Pro

Gln

Gly

Asp

815

Tyr

Leu

Glu

Phe

Asp

Ala

480

Ala

Arg

Ala

Thr

Leu

560

Ala

Pro

Pro

Ala

Thr

640

Pro

Asp

Leu

Glu

Glu

720

Ala

Val

Val

Met

Val

800

Ala

Arg

His

Leu
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146

-continued
850 855 860
Gly Glu Ile Asp Gln Arg Arg Leu Ala Asp His Ser Arg Lys Leu Arg
865 870 875 880
Gln Ala Ala Ala Leu Asp Tyr Arg Asp Glu Ala Gly Arg Ala Ala Leu
885 890 895
Cys Ala Tyr Val Ala Phe Arg Asp Gly Ala Ser Leu Ser Asp Ala Gly
900 905 910
Ile Ala Ala Ala Leu Ser Ala Thr Leu Pro Asp Tyr Met Val Pro Gly
915 920 925
Ile Tyr Val Val Leu Asp Ala Leu Pro Leu Ser Gly Asn Gly Lys Ile
930 935 940
Asp Arg Asn Ala Leu Pro Pro Leu Asp Arg Ala Arg Leu Ala Ala Thr
945 950 955 960
Ala His Ala Pro Thr Pro Pro Arg Thr Pro Thr Glu Thr Leu Leu Cys
965 970 975
Arg Ile Trp Gly Glu Ala Leu Gly Ile Pro Ser Pro Gly Ile His Asp
980 985 990
Asn Leu Phe Ala Leu Gly Gly Asp Ser Ile Leu Ser Met Arg Ile Val
995 1000 1005
Ser Leu Ala Ala Lys Ala Gly Leu Lys Leu Thr Thr Arg Leu Ile
1010 1015 1020
Phe Gln His Pro Thr Val Ala Glu Leu Ala Ala Val Ala Thr Arg
1025 1030 1035
Gly Thr Val Gly Ala Ala Ala Phe Val Ala Ser Ser Gly Pro Leu
1040 1045 1050
Pro Leu Thr Pro Ile Gln Lys Arg Phe Phe Ala Gln Gly Lys His
1055 1060 1065
Asp Pro Asp Gln Tyr Asn Gln Ala Val Leu Leu Asp Val Pro Ala
1070 1075 1080
Asp Leu Asp Pro Val Leu Leu Arg Gln Ala Leu Arg His Ala Val
1085 1090 1095
Lys Trp His Asp Ala Leu Arg Leu Arg Phe Arg Glu Gly Glu Ser
1100 1105 1110
Gly Trp Thr Gln Glu Val Val Asp Asp Pro Glu Ile Pro Val Val
1115 1120 1125
Val Ser Asp Ile Ala Arg Asp Gln Leu Ala Gln Tyr Val Ala Gln
1130 1135 1140
Ser His Ala Ser Leu Asn Leu Ala Asp Gly Pro Val Val Arg Ala
1145 1150 1155
Asp Leu Phe Arg Val Asp Glu Gly Arg Ser Leu Arg Leu Leu Leu
1160 1165 1170
Val Ala His His Leu Val Val Asp Gly Val Ser Trp Gly Ala Leu
1175 1180 1185
Leu Glu Thr Val Tyr Asp Ala Tyr Thr Arg Leu Arg Asn Gly Lys
1190 1195 1200
Ala Pro Glu Phe Ala Gly Gly Ser Ala Thr Trp Thr Ala Trp Thr
1205 1210 1215
Arg Ala Ile Ser Thr Trp Ala Gly Ser Gly Ala Ala 2Asp Ala Asp
1220 1225 1230
Leu Ala His Trp Gln Ala Leu Ala Arg Ala Ala Leu Pro Gly Leu
1235 1240 1245
Pro Leu Asp Arg Asp Ala Pro Ala Asp Ala Asn Thr Val Ser Ser
1250 1255 1260
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148

Ala

Leu

Cys

Leu

Ser

Pro

Pro

Gly

Thr

Glu

Leu

Ala

Arg

Gly

Pro

Asp

Ser

Phe

Trp

Ile

Ala

Ala

Leu

Asp
1265

Leu
1280

Leu
1295

Ala
1310

Ile
1325

Val
1340

Ala
1355

Asn
1370

Pro
1385

Asp
1400

Pro
1415

Leu
1430

Trp
1445

Val
1460
His
1475

Gln
1490

Val
1505

Leu
1520

Arg
1535

Glu
1550

Trp
1565

Asp
1580

Glu
1595

Arg
1610

Phe
1625
His
1640

Thr

Gly

Leu

Asp

Asp

Phe

Ser

Ala

Leu

Gln

Ser

Asp

Glu

Ala

Ala

Ala

Tyr

Tyr

Ile

Thr

Glu

Leu

Ala

Gly

Arg

Ile

Ile

Ala

Ala

Val

Ala

Pro

Leu

Gly

Pro

Leu

Gly

Ile

Phe

Gln

Val

Pro

Pro

Glu

Asp

Val

Asp

Pro

Glu

Phe

Val

Leu

Val

Ala

Ala

Leu

Leu

Val

Val

Ile

Gln

Phe

Asp

Asn

Ser

Ala

Pro

Ala

Leu

Pro

Gly

Ala

Ile

Trp

Gln

Asp

Gly

Leu

Val

Pro

Leu

Leu

Asp

Leu

Ala

Thr

Pro

Thr

Gly

Ala

Arg

Tyr

Ser

Pro

Thr

Ala

Ala

His

Glu

His

Arg

Phe

Glu

Asp

Glu
1270

Arg
1285

Ala
1300

Asp
1315

Ile
1330

Leu
1345

Ser
1360

Tyr
1375

Arg
1390

Ala
1405

Arg
1420

Tyr
1435

Ala
1450

Ile
1465

Ala
1480

Ala
1495

Pro
1510

Ser
1525

Leu
1540

Arg
1555

Ser
1570

Asp
1585

Trp
1600

Thr
1615
His
1630

Gly
1645

Leu

Ala

Arg

Leu

Ser

Thr

Val

Gly

Leu

Ala

Asn

Val

Cys

Ala

Ser

Ser

Thr

Asp

Asp

His

Pro

Glu

Glu

Arg

Ala

Trp

Gly

Tyr

Ala

Glu

Arg

Val

Arg

Leu

Gln

Arg

Ala

Thr

His

Ala

Thr

Val

Gln

Ala

Val

Asp

Val

Asp

Ala

Ala

Trp

Ser

Glu

Asp

Val

Ala

Thr

Asp

Thr

Leu

Phe

Asp

Asn

Gly

Asp

Leu

Arg

Ser

Gln

Tyr

Glu

Ile

Gln

Leu

Tyr

Pro

Arg

Ser

Ala

Ala

Ser

His

Val

Ala

Arg

Leu

Asn

Trp

Gln

Asn

Thr

Glu

Pro

Pro

Gly

Phe

Arg

Leu

Val

Arg

Val

Leu

Phe

Ala

Ala
1275

Gln
1290

Glu
1305

Gly
1320

Gly
1335

Gly
1350

Leu
1365

Asp
1380

Tyr
1395

Lys
1410

Leu
1425

Arg
1440

Ala
1455

Thr
1470

Ala
1485

Asp
1500

Met
1515

Ser
1530

Phe
1545

Arg
1560

Val
1575

Ala
1590

Ala
1605

Met
1620
His
1635

Arg
1650

Thr

Val

Trp

Arg

Trp

Ser

Arg

Arg

Leu

Gln

Arg

Leu

Thr

Leu

Thr

Glu

Leu

Ser

Arg

Thr

His

Ala

Gln

Arg

Trp

Leu

Thr

Asn

Ser

Glu

Phe

His

Ala

Leu

Gly

Ala

Glu

His

Ile

Val

Ala

Ile

Phe

Leu

Arg

Ser

Arg

Ser

Asp

Leu

Ser

Leu

Ala

Asp

Gly

Glu

Thr

Asp

Val

Asp

Gln

Ala

His

Val

Leu

Ala

Leu

Ala

His

Asn

Ala

Phe

Arg

Ala

Arg

Ala

His

Ser
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Asp

Gln

Ala

Leu

Glu

Leu

Gln

Ala

Gly

Glu

Ile

Asp

Ile

Ser

Asp

Pro

Leu

Thr

Leu

Ala

Phe

Ala

Thr

Ile

Arg

Ile

Pro

Val
1655

Arg
1670

Arg
1685

Ala
1700

Leu
1715

Leu
1730

Ser
1745

Gln
1760

Thr
1775

Met
1790

Asp
1805

Leu
1820

Gln
1835

Leu
1850

Ala
1865

Asn
1880

Ser
1895

Ile
1910

Ala
1925

Ala
1940

Ala
1955

Val
1970

Glu
1985

Ala
2000

Ile
2015

Leu
2030

Ala

Ala

Asp

Gln

Asp

Asp

Leu

Arg

Leu

Ile

Val

Ala

Ala

Lys

Leu

Leu

Leu

Val

Gly

Ala

Pro

Ala

Val

Ala

Ala

Ala

Tyr

Ala

Ala

Asp

Phe

Gly

Ser

Arg

Leu

Val

Gly

Arg

Gln

Phe

Ile

Pro

Tyr

Gln

Arg

Ala

Glu

Val

Ala

Arg

His

Val

Ile

Pro

Ala

Pro

Ala

Pro

Thr

Glu

Leu

Ser

Ser

Leu

Pro

Gln

Ala

Phe

Gly

Pro

Val

Leu

Glu

Arg

Pro

Ala

Thr

Leu

Trp

Trp

Ala

Tyr

Pro

Ala

Ala

Ala

Ser

Thr

Arg

Gly

Phe

Thr

Glu

Gly

Gln

Leu

Leu

Leu

Leu

Asp

Asp

Ser

His

Tyr

Leu

Met

Lys

Gln

Gln
1660

Ala
1675

Ala
1690

Thr
1705

Ala
1720

Asp
1735

Leu
1750

Tyr
1765

Arg
1780

Ile
1795

Ser
1810

Asp
1825

Leu
1840

Asn
1855

Arg
1870

Thr
1885

Tyr
1900

Arg
1915

Arg
1930

Ala
1945

Asp
1960

Pro
1975

Arg
1990

Gln
2005

Pro
2020

Cys
2035

Arg

Ala

Phe

Ala

Thr

Pro

Thr

Ser

Pro

Asn

Ala

Tyr

Pro

Tyr

Ile

Leu

Asp

His

Pro

Ile

Arg

Glu

Asp

Thr

Arg

Gly

Val

Pro

Ala

Gln

Pro

Gly

Gln

Thr

Gly

Ala

Thr

Trp

Ala

Pro

Pro

Gly

Val

Asp

Val

Asn

Leu

Thr

Arg

Leu

Ala

Ser

Ala

Glu

Pro

Gly

Arg

Leu

Ala

Arg

Leu

Glu

Ser

Leu

Leu

His

Gly

Val

Ala

Val

Gly

Glu

Arg

Leu

Leu

Val

Val

Pro

Pro

Ala

Thr

Ala

Tyr

Phe

Val

Tyr

Leu

Ala

Ser

Leu

Pro

Ala

Tyr

Val

Glu

Phe

Thr

Arg

Thr

Ser

Gly

Pro

Ala

Glu

Leu

Leu

Tyr

Ile

Glu
1665

Val
1680

Trp
1695

Leu
1710

Val
1725

Val
1740

Gln
1755

Asp
1770

Pro
1785

Val
1800

Gln
1815

Pro
1830

Pro
1845

Glu
1860

Glu
1875

Pro
1890

Phe
1905

Leu
1920

Val
1935

Trp
1950

Glu
1965

Val
1980

Gly
1995

Gln
2010

Met
2025

Val
2040

Leu

Gly Ala Pro

Arg

Lys

Gly

Glu

Ala

Gly

Val

Ala

Arg

Leu

Leu

Leu

Ala

Val

Gly

Asp

Leu

Pro

Asn

Leu

Arg

Ala

Pro

Leu

Pro

Thr

Trp

Thr

Arg

Glu

Phe

Ala

Val

Ser

Val

Gln

Ala

Phe

Leu

Ser

Lys

Arg

Thr

Leu

Asp

Ile

Cys

Asn

Asp

Glu

Val

Leu

Leu

Lys

Pro

Pro

Ala

Trp

Phe

Asp

Arg

Met

Asp

Glu

Ala

Asp

Arg

Asp

Gly

Leu

Thr

Glu

Gly

Arg

Asp

Thr

Asp

Ala
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Arg

Leu

Arg

Ala

Pro

Leu

Ala

Phe

Ala

Asp

Phe

Leu

Ala

Ala

Leu

Ile

Cys

Phe

Arg

Phe

Ile

Ile

Met

Arg

Pro

2045

Pro
2060

Ala
2075

Gly
2090

Asp
2105

Lys
2120

Ala
2135

Gln
2150

Ala
2165

Val
2180

Arg
2195

Leu
2210

Asp
2225

Gln
2240

Tyr
2255

Thr
2270

Glu
2285

Pro
2300

Gly
2315

Arg
2330

Thr
2345

Phe
2360

Glu
2375

Ser
2390

Thr
2405

Val
2420

Asp
2435

Ala

Ser

Ala

Leu

Gly

Met

Thr

Ala

Ile

Ile

Gly

Thr

Ala

Gly

Arg

Asn

Ala

Arg

Asp

Gly

Gly

Leu

Leu

Arg

Thr

Val

Ile

Glu

Ala

Ala

Ala

Ala

Leu

Leu

Thr

Glu

Leu

Trp

Pro

Ala

Leu

Gly

Gly

Asp

Asp

Arg

Gly

Ala

Cys

Asp

Val

Ile

Pro

Ala

Tyr

Met

Arg

Ser

Ala

Glu

Ala

Leu

Leu

Phe

Thr

Pro

Arg

Val

Tyr

Pro

Ile

Arg

Glu

Val

Gly

Ala

Met

Val

Leu

Pro

Val

Val

Arg

His

Ser

Pro

Met

Glu

Thr

Arg

Glu

Asp

Leu

Lys

Leu

Phe

Gly

Asp

Ile

Val

Tyr

Leu

Leu

2050

Thr
2065

Val
2080

Ala
2095

Ile
2110

Glu
2125

Val
2140

Cys
2155

Gly
2170

Ala
2185

Gln
2200

Arg
2215

Ile
2230

Leu
2245

Ala
2260

Gly
2275

Tyr
2290

Gly
2305

Phe
2320

Ser
2335

Cys
2350

Phe
2365

Glu
2380

Val
2395

Ala
2410

Arg
2425

Leu
2440

Thr

Asp

Pro

Phe

His

Gly

Ser

Gly

Arg

Phe

His

Gly

Asn

Ser

Pro

Val

Glu

Asp

Pro

Phe

Gln

Ala

Ala

Ser

Asp

Pro

Asp

Pro

Val

Thr

Arg

Leu

Asp

Thr

Leu

Val

Ala

Glu

Pro

Asp

Ala

Val

Ile

Glu

Glu

Gly

Val

Ala

Arg

Gly

Thr

Ala

Cys

Ala

Thr

Ser

Gly

Gly

Ile

Thr

Ile

Pro

Ala

Thr

Ala

Ser

Ile

Asp

Cys

Ala

Pro

Ala

Lys

Leu

Glu

Thr

Leu

Leu

Val

Arg

Pro

Gly

Met

Ala

Ser

Val

Asp

Ser

Pro

Leu

Val

Val

Pro

Ala

Ile

Arg

Gly

Asp

Ile

Thr

Thr

Gly

Pro

Pro

2055

Pro
2070

Leu
2085

Arg
2100

Ser
2115

Leu
2130

Gln
2145

Val
2160

Ile
2175

Ser
2190

Tyr
2205

Ala
2220

Gln
2235

Arg
2250

Ala
2265

Ile
2280

Asp
2295

Gly
2310

Thr
2325

Ala
2340

Gly
2355

Arg
2370

Ser
2385

Ser
2400

Trp
2415

Ala
2430

Val
2445

Pro

Pro

Cys

Thr

Asn

Ser

Trp

Tyr

Leu

Leu

Phe

Pro

Leu

Gly

Met

Gly

Arg

Arg

Asn

Gly

Leu

Asp

Thr

Met

Pro

Asp

Arg

Gly

His

Ala

Gln

Pro

His

Ala

Pro

Ala

Ile

Tyr

Arg

Asn

Val

Ala

Leu

Leu

Tyr

Ala

Ala

Pro

Met

Pro

Ala

Arg

Pro

Gln

Val

Val

Cys

Asp

Arg

Thr

His

Thr

Asn

Cys

Pro

Pro

Gly

Val

Tyr

His

Arg

Gly

Glu

Gln

Val

Asn
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154

Gly

Ala

Gly

Ala

Ala

Gln

Ala

Arg

Ser

Asp

Arg

Gln

Leu

Pro

Leu

Ile

Asp

Tyr

Ala

Thr

Thr

Ala

Ile

Lys
2450

Pro
2465

Leu
2480

Val
2495

Ile
2510

Val
2525

Arg
2540

Ile
2555

Ala
2570

Thr
2585

Thr
2600

Glu
2615

Gln
2630

Arg
2645

Ile
2660

Leu
2675

Leu
2690

Arg
2705

Leu
2720

Asn
2735

Trp
2750

Ser
2765

Leu
2780

Leu
2795

Ser
2810

Val
2825

Ile

Asp

Leu

Asp

Gln

Ala

Leu

Ile

Gln

Tyr

Ala

Ser

Arg

Asp

Arg

Phe

Leu

Val

Pro

Ala

Leu

Asp

Glu

Ala

Phe

Ile

Asn

Gly

Arg

Asp

Met

Asp

Ala

Pro

Lys

Asn

Arg

Leu

Val

Leu

Ala

Arg

Leu

Leu

Pro

Ser

Glu

Phe

Val

Arg

Cys

Gly

Arg

Val

Leu

Asp

Val

Ile

Ala

Ala

Arg

Met

Leu

Arg

Leu

Ala

Glu

Val

Asn

Thr

Leu

Leu

Gln

Pro

Glu

Ala

Val

Ser

Ala

Arg

Phe

Phe

Ser

Phe

Met

Leu

Ile

Ala

Val

Thr

Ser

Asp

Cys

Lys

Met

Asp

Ser

Ala

Leu

Arg

Leu

His

Leu

Val

Ala
2455

Ala
2470

Ala
2485

Phe
2500

Arg
2515
His
2530

Pro
2545

Ala
2560

Trp
2575

Gly
2590

Arg
2605

Val
2620

Arg
2635

Asp
2650

Glu
2665

Leu
2680
His
2695

Asp
2710

Ile
2725

Gly
2740

Ala
2755

Pro
2770

Pro
2785
His
2800

Met
2815

Ser
2830

Leu

Glu

Glu

Glu

Ile

Ala

Val

Ala

Leu

Ala

Ala

Phe

Glu

Ala

Gln

Val

His

Leu

Gln

Pro

Pro

Glu

Gln

Thr

His

Ala

Pro

Pro

Val

His

Pro

Pro

Asp

Gln

Ala

Leu

Phe

Ala

Ala

Gly

Pro

Arg

Val

His

Tyr

Arg

Pro

Arg

Pro

Ser

Arg

Gly

Leu

Arg

Leu

Gly

Arg

Thr

Gly

Pro

Ser

Gln

Asp

Met

Ser

Pro

Phe

Leu

Ile

Ala

Arg

Ala

Leu

Leu

His

Leu

Tyr

Arg

Pro

Thr

Gly

Gly

Ala

Pro

Ala

Ser

