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ABSTRACT

The invention provides fermentative methods for producing n-propanol. The
methods of the invention involve providing a suitable carbon source, a microorganism
expressing the dicarboxylic acid pathway, reducing equivalents, and at least one gene
coding for an enzyme that catalyzes the conversion of propionate/propionyl-CoA into
n-propanol. The methods further involve contacting the carbon source and reducing
equivalents with the microorganism under conditions favorable for the production of n-
propanol. Also provided are methods for producing propylene and polypropylene from the

n-propanol and microorganisms suitable for use in the methods of the invention.

FIGURE 4
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WE CLAIM:

1.

A method for producing n-propanol comprising:

(a) providing a suitable carbon source for fermentation by a microorganism
expressing the dicarboxylic acid pathway, reducing equivalents, in the form of
NAD(P)H, and at least one gene coding for an enzyme that catalyzes the
conversion of propionate/propionyl-CoA into n-propanol;

(b) contacting the carbon source and reducing equivalents in the form of NAD(P)H
with the microorganism under conditions favorable for the production of n-
propanol by the microorganism; whereby a fermentation broth is produced; and

(¢) recovering n-propanol from the fermentation broth.

The method of claim 1, wherein the microorganism has been genetically engineered
to express one or more enzymes, whereby the microorganism is capable of

converting propionate/propionyl-CoA to n-propanol.

The method of claim 2, wherein the microorganism is selected from the group
consisting of: Propionigenium spp., Propionispira arboris, Propionibacterium spp.,

and Selenomonas.

The method of claim 2, wherein the enzyme is selected from the group consisting of:

aldehyde dehydrogenases that are capable of using propionic acid as a
substrate;

aldehyde dehydrogenases that are capable of using an acyl-CoA
intermediateas a substrate;

alcohol dehydrogenases that catalyze the conversion of an aldehyde to its
corresponding primary alcohol; and

multifunctional enzymes that posses both aldehyde/alcohol dehydrogenase

domains.

The method of claim 4, wherein the enzyme has alcohol dehydrogenase protein

domain with e-value threshold below le-2.
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10.

11.

The method of claim 4, wherein the enzyme has aldehyde dehydrogenase protein

domain with e-value threshold below le-2.

The method of claim 4, wherein the aldehyde dehydrogenases are capable of using
propionic acid as a substrate are selected from the group consisting of: Mus musculus
(GenBank Accession No. AC162458.4); Clostridium botulinum A str. American
Type Culture Collection (ATCC) No. 3502 (GenBank Accession No. AM412317.1);
and Saccharomyces cerevisiae (GenBank Accession No. EU255273.1).

The method of claim 4, wherein the aldehyde dehydrogenases that are capable of
using acyl-CoA intermediate as a substrate are selected from the group consisting of:
Rhodococcus opacus (GenBank Accession No. AP011115.1); Entamoeba dispar
(GenBank Accession No. DS548207.1); and Lactobacillus reuteri (GenBank
Accession No. ACHG01000187.1).

The method of claim 4, wherein the alcohol dehydrogenases that catalyze the
conversion of an aldehyde to its corresponding primary alcohol are selected from the
group consisting of: Aspergillus niger (GenBank Accession No. AM270229.1);
Streptococcus pneumoniae Taiwan19F-14 (GenBank Accession No. CP000921.1);
and Salmonella enterica (GenBank Accession No. CP001127.1).

The method of claim 4, wherein the multifunctional enzymes that posses both
aldehyde/alcohol dehydrogenase domains are selected from the group consisting of:
Lactobacillus sakei (GenBank Accession No. CR936503.1); Giardia intestinalis
(GenBank Accession No. U93353.1); Shewanella amazonensis (GenBank Accession
No. CP000507.1); Thermosynechococcus elongatus (GenBank Accession No.
BA000039.2); Clostridium acetobutylicum (GenBank Accession No. AE001438.3);
and Clostridium carboxidivorans ATCC No. BAA-624T (GenBank Accesion No.
ACVI01000101.1).

The method of claim 1, wherein the fermentation broth further comprises ethanol

and/or isopropanol.
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13.

14.

15.

16.

17.

18

19

20.

. The method of claim 11, wherein ethanol and/or isopropanol are recovered from

fermentation broth.

The method of claim 1, wherein the microorganism has the expression of its gene
encoding for an enzyme acetate kinase (E.C. 2.7.2.1) altered so as to diminish its

activity.

The method of any one of claims 1-13, wherein the reducing equivalents comprise

NAD(P)H.

The method of claim 14, wherein the NAD(P)+ is reduced to NAD(P)H comprising
the use of electrodes and a mediator molecule, an overpressure of H2, or a
microorganism expressing a NAD+-dependent formate dehydrogenase in the

presence of formate.

The method of claim 14, further comprising contacting the fermentation broth with

electrodes and a mediator molecule.

The method of claim 16, wherein mediator molecules are benzyl viologen, methyl
viologen, anthraquinone 2,6-disulfonic acid, neutral red, cobalt sepulchrate, 1,4

dihydroxy-2-naphthoic acid (DHNA) and flavins.

. The method of claim 16, wherein mediator molecules are compounds present in yeast

extract and Propionibacterium spp. extract.

. The method of any one of claims 1-18, wherein the carbon source is sugarcane juice,

sugarcane molasses, hydrolyzed starch, hydrolyzed ligno-cellulosic materials,
glucose, sucrose, fructose, lactate, lactose, xylose or glycerol in any form or a

mixture thereof.

A microorganism for using in the method as defined in any one of claims 1 to 19.
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22.

23.

A method of claim 1 further comprising:
dehydrating the n-propanol produced by the method as defined in any one of

claims 1 to 19 to produce propylene.

A method of claim 1 further comprising:
dehydrating in the same reactor n-propanol and isopropanol and/or ethanol

produced by the method as defined in any of claims 1 to 19 to produce propylene.

A method of claim 1 further comprising:
polymerizing the propylene produced by the method as defined in any one of

claims 21 and 22 to produce polypropylene.
Dated this 3" April, 2012

Sneha Agarwal

Of Obhan & Associates
Agent for the Applicant
Patent Agent No. 1969
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GCOTTYCCCA CAGGAATCGG CGCGGGCATC TGCGAGGOTGC TGCGACACGC
CCATATTTTO AACGATCTTC AGSTGCGTCAA CCTCGACCCC AGTGCTGAAC
TTOTCCOTCG CGOGTGCAAG GATTGGACCC ATGAGTCCGC GAAAGATTGG
CGTTACCOAG CTCGCGCTCC GCGACGCGCA TCAGAGCCTG ATTGCAACCC

GG (ATG) ACTGA GITGGACACC ATCGCAAATC CGICCGAICC CGCGGIGCAG

CGGATCRICG
GATCGARGGAC
TCATCGARGT
GRICTGTGCG
CGICAACCARG
CCCGLGICLC
GACGICHICG
AGTACGCACG
GIGACATCAC
TACGICTICT
CITCATICGE
ACATTICCGT
TICGGCAGCG
CGLCCTCBRTIT
CCGITZCCLT

GCCAACCGA {TAZ) TCAGGCTG AGAACGACCT GATCCOCCAC TCGCGGAACT

ATGTCACCAA
GTCGAGCCCC
CTACGGCAGC
GGCGGCAGRR
TTGTTCARGE
TCBLCLBGEC
TTCICGACES
TCGCTCGCGC
CRGCATCGCS
CCCTTCCCET
GACAGCGGTA
GRAGGRACTC
RRARGGGTGG
TCCATCCCCR
CGGRATICGCE

GCCGTCGCGA
TCATGCACAS
GACAGCAGTIC
CATRCCGGTC
GGGAGCGGAR
LGGTTCGGCG
GGTGARGATC
TCGGAGCGTC
GACCTGGCGTC
CGTTCTCICC
TGCAGCTGAT
GGGGACRATC
GCCTTCCGAC
TGATGAGCCR
CTGCACGRGA

TCCAACATAR
CATCGCGGCC
CTITTTCCATC
CBCCTICATCG
GGCCAAGACK
ATATCGCGAG
GTCGGGARCA
GGGGATCATC
TCCARAGGGC
GGTCGCGAGG
GACGCTCAAG
CGGATCGGCT
CIGTTCGAGS
GRCCGARGICT
GGATCGACAG

AGRCARCGIT
GGGGTGERAGT
TEAGIIGCIG
ACTCCICGAT
TICGGCRICE
CLEGLGIGHE
TCGGCGCGAT
CTGGTCGACA
CAGCCGAGGT
AGGCCATCGC
GCGGATGGLS
GGLCTIGCIS
AGGCGICTTIC
CTCAACGIITY
GRATCICGCG

CCCGACGCCO CGTCCCCTCG GBOGCGCGGC GTCCTGCATG TCCGGGCGCA
GGGGCAAGGC AGGCCTCCTA CTTATARACG ATC
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GAGITCTAGR GTOTGCCATT TCTCACAATC CCGGGGTGCC ATTGTCGCGT
TTCCCACAGG AATCGGCGCG GGGATCTGGA GGGTGCTOCG ACACGCCCAT
ATTTTCGAACG ATOTTCAGTG CGTCAACCTC GACCCCAGTG CTGAACTTGT
CCGTCOCOGG TOCAAGGATT GGACCCATGA GTCCGCGAAA GATTGGCGYT

. ACCGAGCTCG CGCTCCGCGA CGCGCATCAG AGCCTGATTG CAACCCGG (AT

6) ARGGTCACC AACGTICGAGS AGCTGATGAR GRAGAIGCAG GAGGTGCAGR

ACGCCCAGAR
TTCCGCCAGG
GATGGCCGIC
AGRACCACTT
ACCTGCGGCA
CGAGCCSGIC
CCACCGCCAT
ATCTTCICCC
GCTGGIGCIC
GCTGGATCGA
GCCGRCATCA
CTCGTCCGGE
TGATCGACGA
TCCAAGACCT
CGICGTCGAC
GCGCCTACAT
CTGGTCAACG
GATCGCCGAG
TCGGCGAGGT
ARBCTCTCGC
CCTGCTCAAG
CGGTICCTGTA
CGCGAGACCA
GGGCGCCATC
TCGGCIGCGE
KAGCACCTGC
GTGGTTCCGC
TCGCCCTCAR

GRAGTTCGGC
CCGCGCTGGE
GAGGAGACCA
CGICGCCGAG
TCCTGGAGGA
GGCGTCATCE
CITCAAGGCC
CGCACCCGCE
GACGCCGCGE
CGAGCCCTCC
TCCTGGCCAL
ARGCCCGCCA
GTCCGCCGAC
TCGRCRACGS
TCGATCTACG
CCTGTCCRAG
GCACCCTGAA
ATGGCCGGCG
CAAGTCGGIG
CCGTCCTGEC
GCOGECCEET
CGTCARCGCC

TGARGACCGG

GGCGACATCT
CICCTGGGGC
TGARCATCAA
GIGCCGGAGA
GGAGCTCGAC

TCCTTCACCC
CGCGARCTCG
AGATGGGCAT
TACATCIACA
GGACGAGGSC
CCGCGGTCAT
CTCCTGGCCC
CGCCALGAAG
TGRAGGCCGE
ATCGAGCIGT
CGGCeGTCee
TCGGLGTCG6
ATCARGATGG
CRTGAICTIGC
AGGAGGTGRA
GRCGAGACCA
CGCCGGCATC
TGAAGGTICCC
GRGCACTCCG
CATGTACCGC
TCGTCGAGLT
ATCACCGAGA
CCGCACCCIG
ACAACTTCAA
GGCAACTCCG
GICGGTGGCC
AGGICTACTT
ATCCTCGACA

AGGAGCAGGT
GCCCGLATES
CGTCGRGGAC
RCRAAGTACAR
TICGGCATGE
CCCGACCACC
TCARGACCCG
TGCACCATCG
CGCCCCOBARG
CGCAGATCGT
GGCATGGIGA
CCCCGGLAAC
CCGICAACTC
GCCTCCGAGC
GARAGGAGTIC
CCAAGGTCGG
GICGGCCAGT
GGAGGARCGCC
AGGRGCCGIT
GCCRAGRACT
GGGCGGGATG
AGGTGRAGET
ATCRRCATSC
GCICGCCCLC
TGTCCGAGAR
GAGCGCLGCG
CAAGTACGGC
AGRAGARGGT
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ACCGACAAGG
CCTCGAGGAG
ACCCCACCCT
ARCCCCGACA
CARGATCATG
TCGCCATGCS
ATGGGCGAGA

TCGGAGGTC
AGTACCCCCT
GCCGAGCTCA
CGACGCCCTG
AGTACRCCAR
CTCCCGATCG
GATGGCCCAC
TCGGCGICIG
CCCCACGGCA
CGCCGTCGAG
CGRACATCAA
GGCTCGACCG
GCTCARGGCC
CCGRGGAGAR
GACGKCCAGT
CARGCAGATG
ATCCGCCACT
TCCTGCATGT

TGCIGTACCA
CTCAAGATCY
GGCCACCGCC
CCATCRICGC
TGGGIGATGT
CTITCATGGAC
AGGCCATGAT
ACCCCLCTICS
GGCCGACTAC
TGAIGGGCAT
ACCCACGCGA
CGGLCTIGGLC
CCIACTCGGA
GCCICGACCA
CCRCICGRIG
TCGTCARCGC
ARCCCCCGCA
GARGCGCTAC
ACGACGAGAA
ARGATCAARCA
GTTICTACGLC
GCRCCGELEC
TACGTGARCG
CGCGGAACTC
CCGGGCOCAG

GCTGGGCTAC
CCTACARGAT
RAGARGGGCG
CGIGGGCE66
ACGAGCACCC
ATCCGCAAGC
GATCICGEIG
CCGICRTICAC
GAGCTGARCCC
GCCGARGGGC
TCGAGGCCIA
CTGGAGGLCA
GGGCACCARCC
TCGCCBGLAT
GCCCACARGC
CCTGCTIGRTIC
AGCAGGCCGC
GCCCGLATCG
GGTCCAGCTIC
TCCCGGAGTC
ACCCTCGACA
CARACCCGCGC

ATCGACCGCG
CTTCACCGAC
CCGAGGAGCT
GGCTCCECCR
GGRGGTGCGC
GCGTCTACAC
GCCACCTCEG
CGACGRGRAG
CGRACATGGC
CTCACCGLCS
CGIGTCBATC
TCCGCCTGAT
TCCATCRAGG
GGCCTTCGCT
TGGGCTCAAC
RRACGAGGIGA
CTTCCCGCAG
CCGACTACCT
CTGATCARACG
CATCARGGAG
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TCACCARGAT
GTCGAGCCCE
GCTGTICCTIC
TGGACGCCGT
TTCGAGEALC
CTTCCCGRAG
CCGGCACCGG
ACCGGCGCCA
CATCATCBAC
CGTCCGGCAT
ATGGCCTCCG
CTTCAAGTAC
CCCGCGAGAR
KACGCCTTICC
CCACCACGTC
TCAAGTTCAA
TACAAGTACC
CAACCTCGGC
CCATCGACGA
GCCGGCGTCA

KGATGTCGGA
TARCLCCGCTCA

GCTCGLCTIC
TCTCCGAGAT

PR 2012

CCITC (TGA) TG ATCAGGCTGA GAACGCACCTG
CGGACGCCGC GTCCCCTCGE GGGCGCAGCE
GGGCAAGGCA GGCCTCCTAC ARGCTITGAGT

FIGURE 8 (Sheet 2 of 2)
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GRBITCTRER GTGTGCCATT TCTCACAATC CCGGGGTGCGE ATTGTCGCGT
TTCCCACAGE AATCGGCGCE GGGATCTOGA OGGGTOCTGOCGO ACACGCCCAT
ATTTTGAACG ATGTTCACTG COTCAACCTC GACCCCAGTGE CTGAACTTGT
CCOGTCGCGGC TGCAAGGATT GGACCCATGA GTCCGCGAAA GATTGGCGTT

ACCGAGCTCG COCTCCOGCGA COGCGCATCAG AGCCTGATTO CAACCCGG {AT
B) LAGBTCACC ACCGTCARGG AGCTGGRCGA GAAGCTCAAG GTCATCALGS

AGGCCCAGAA
TTCCGCAACG
GGLCCGLGGTIC
AGARCCACTT
ACCTIGLGSECA
CGAGCCCATC
CCACCACGAT
TTICTTCTCGE
GACCATCCTG
GCTGGATCGA
GCCGACATCA
CTCGTTCGEC
TCATCGACGZ
TCCRAAGACCT
CGICCICARSG
GCGCCTACAT
TTCARSGRES
CATCGCCGCG
TCGGCBAGHT
CTCTCELCLG
CAAGARGGCC
GCATCTACGC
TCGGCCATGA
CGCCTCCGGC
GCTGCGGCTT
CACCTGCTIGAR
GTTCCGLCETE
CCCTCARGGR

GRAGTICICG
CCGCGATGGC
CTGGAGACCG
CGCCGGLGAG
TCARTCGAGLG
GGCGTLGTLG
CITCRAGICEG
CGCACCCECE
GACGCLCELGE
CGAGCCCTCG
CCCTCGCCAL
ARGCCCGCCR
GTCCGCCCRL
ACGACRACGG
TCGATCTACA
CRTCRAGRAG
GCTCLASTGRA
ATGEGCCGGLA
CRCCTCCCTG
TCCTGGCCAT
GITACCCIGA
CGACGAGATC
AGRCCGTCCG
GACCTGTRCA

TEEEGEGGE
ACATCRAGRAC
CCCCACALGG
LCTCRAGGAL

TGCTACTCGT
CGCGATCGAC
GCRTGGGCCT
TRACATCTACA
CARCGAGCCG
CCGCGATCAT
CTGATCTLGC
CGCCARGARDG
TCRAGTCGGE
ATCGRGCTGA
C6GCEEECCT
TCGGCGTGEG
ATCARGATGG
CGTCATCTGE
ACRAGGTCAR
RACGAGCTGES
CCCLRAGATC
TCAAGGTCCC
GGCGAGGAGG
GTRCGRGGCC
TCAACCTICGG
RAGGCCCGCG
CACCTTCGTC
ACTTCCGCAT
KRCTCCOTCT
CGTGGCCERG
TCTACTTCAR
CTCRAGRAGA

AGGAGATGGET
GCCCGCATCG
CGTCGRGGAC
RCKAGTACAA
TACGGCATCA
CCCCGICACC
TCRAGARCCCE
TCGACCRTICC
CGCCCCCBAG
CCCRGTRCCT
TCGCICGTICA
GCCGGGCAAC
CCGTCICCTIC
GCCTCGGAGC
GGACGAGITC
RCARGGTGCSE
STCGEECAST
GRAGACCACE
AGCCCTTCGEC
GACARACTICG
CGGGELTGGEEC
ACKRAGRTCGA
ARCATCCCCR
CCcceeecTce
CGEAGRACGT
CGCCGCGAGA
GITLGGLTIEC
RGCGCGLCTT
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ACCCCCGTCA
CATCATCCIC
AGTCCGTGAT
CAGGAGCGCS
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CGECCTACRE
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GACTICGGACC
CGRGCACCTC
CCGACCTCARA
CCCGACACCA
GCIGRIGIGG
CCATCRAGTT
GGCAAGAAGE
CGRGGTCRCC
ACKTGCTICGC
GAGCTCATGA
CGCCLTGGIC
ACACCAACGG
CCGGAGGCCT
GGCCCACGEE
GCCICTGCCA
TCCGGLATICG
CGTIGGACRALC
ACACCATCTT
AACACCGRLG
CAAGRAGGLCC
AGGAGRACTIT
GACCAGTIGCA
GGAGATGTAC
AACGACCTGA
GGCGCGGCGT
AGCTTGAGT

CCTRCAALCT
GACAICGACT
GACCATCANG
TCATCGCCCT
GTCCTICTACG
CATGGACATC
CCATGCTICGT
CCCTTCGCCC
CGACTACGRG
TGAAGATGCC
ARCTCGAICG
CCICGCLCIC
ACARGAACGG
TCCACCATGG
CICCATGGCC
CCRRLGCLCT
CCGETGRAGC
CCGCTACGCC
RGGRGAAGGT
CTCARCATCC
CTACTCCTICC
CCGGLeLCaAa
ATCRACIGCT
TCCGCCACTC
CCTGCATGTC

ORI MAL

GRACTACGTC
TCARGGICTT
RAGGCCACCE
GGECGGGACC
AGCACCCCGA
CGCARGCGCA
GGCCAICACC
TCGTGACCGA
ATGACCCCCA
GAAGGGCCTC
AGGCCTACAC
GAGGCCATCC
CCGCACCAAC
CCGGCRTGGE
ATCARGCTGT
CCTCATCGRAG
AGGCCCCCTG
CGCATCBCCG
CGRCCTCCTC
CGACCTCCAT
CTGGACCGCA
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GACTCCAICA
CLACRAGGTS
AGGAGATGTC
CCGGAGATGT
GGTCAAGTTC
TCTACACCTT
ACGTCCGCCG
CRACRACACC
ACRIGGCCAT
ACCGCCTACT
CTCCGICTAC

GCCTIGATICIT

GAGAAGGCCC
GICCGCCRAL
CCTCGGAGCA
GAGGTCATCR
CCCGCARGTIAC
ACTACRICRK
ZTCAACAAGR
CRAGGACGCC
TCTCGGAGLT

CCCBLBLCTITE
TCAAGAAGCA
GCGGAACTCC
CGOBCGCAGS

CCGCICALCT

GCCC (TGR) TGA TCAGGCTGAG

GGQACGCCGCE
GGCAAGGCAG
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CTRGAGGRTC
GTICCAGCCG
TCACCCIGCT
CTCGGCCTGE
CGGARCRCCR
GCCCCGCAGT
CATCACCGGG
CTIGCGCCAGA
ACGCICRGCA
ACCGACCCEC
TGGCCGAGSEL
CGCCCTGALCC
GACCIGCGEL
CCACCCCCCA
GITGCCCGRL
GCTACACTIGA
CGGTGAARCT
GCCACCGGEC
CRICGRCCAG
TGCGAGCCGE
CTIGGCCTGG
ARCTCGRLCCG
ACCGGCCTGE
GGCCGGACTC
TGRACGCCGA
CAGGLETALE
ACCACCCGCC
GCCGBCCETC
CCAGCAGCCC
GCCGCCTGRC
ATCCTCCBCE
GGGCCTCGRE
TGCRCCTGCT
G6GCCCGGTIGE

CGGCGGARCT
TTICCTCCAGC

Cq-:;j_.".l?@.@\_

TCKCGICCTG
ACGGTGRICC

CCAGGTGCCS
GCGBCCCGEL
CRCCCGHE6L
GGGGACARCGE
TCGGRATCCA
CAGCTAAGKA
TITICCGAGA
CCAGCATCCG
CGACTACGAC
GACTCTCCCG
CCCGCCCCCT
CACCACCCCG
CTCCCCGACA
CTACTAGTAG
CTCCGAAGAS
GATCCRABTC
ATGSTCCRCG
fofoclricintaicialns
ACGATTGAGT
ABCCCAGGCT
ACGRATCCCCA
TGGCGCTACC
CCBECTIGECT
GETGACACSEE
CCACCGAGCA
TTACGSETTG
CACGATCTCC
GCTCCELCTIC
GCEGCGGCCT
CCBGGCCTEE
CGGCCCGE6C
TGATCCGCCR

GGTCACCGIC
GTTCCICAKCT
CGACCCCGCC
CCGCAGCGCC
TACCCGLEAC
TECACGAGGT
CGTTCGGCGC
CCGRCACGTC
CGCTAGTCAG
TCGGGATIGT
CGCCCTGCAR
ACRCCGTIGAT
TCARGRAARC
TCAGGAGGTS
ACCGGCIGCR
CTACTALCIG
ACTACGCCAT
ACCTACAGCS
ACRCCGACCC
CGCCGCARTCR
CCARCGCGES
GCGTCGGGEEA
ATCATICGCCC
RACCCEBCALE
CIGAGGATGT
ITTTGGEGGG
CGCAGLGTIGT
CGCCCTIGREC
GCTCCCTICGC
ACCTGCCCCA
CTCCGCLCTIGE
6GGCCGLCIC

GCGGIGGAGT
GGGCCTCCAG
RCCGTCCGCA
GGCCCGCTTC
CRACCGTGEGC
GACGCATCCT
CATATCGICC
GTGTCTCCGR
ACGCACACAC
GATCCGCACC
CACCTGCGCT
CGCCGBLERC
CTCGAGGGAG
GCGCCCRTHET
CTGACACCST
CGTGATGACC
ARCTCGATGR
CGCEABGECA
CGCCCGRLTC
CCGACGRAST
CECCETCARA
CCGCCTACAT
RARGGCCTCR
CTACCGGATC
TGACCATCGA
CETCEELCAR
CARCTCGCCC
CEGGETETCT
CGBCEETESEC
TGCTCEGETE
CTCGGCCABE
BGCGCECCTC
TCCCEEGCCE
GGCCACCGCT
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TGEECGGGCGE
ACGCTCACEC
CCGGLCGGET
CGGCRATCGT
CTCCACCGGLC
CATCCARGGC
GGACGATGAR
TTCTCAGGRA
CCCCaCanBGh
CGCGATGGEGEC
GATCTACCHT
TGCCAGCRTG
GCGGBGCCET
CGCCTAACGE
CGCCECARGE
ATCGCCACAT
RCTAGCCCGG
TCGAGGACCA
GCCGACGACS
GGACCAGATC

TGCGCA
ACGTGAGCTC
CCBGECCLLT
RTCTGCGACC
GCACCGRTCC
GACSTCALAL
GAGCCBGCCT
TTGCCCTGEC
GGCGTCCLGE
CCTIGLGLCCE
TCGCCBETCA
CGCCTCCIBE
CCTCGGCCTE
TCGGCLTGLC
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CATCCACCGC
CICGCCTGAC
RTCCGGCGGE
CCGCCGCAGT
GTCACCCGCC
TGACCCATIC
TICCTAGGTA
CCCICACACT
GCCCECTCCT
CaGCCCACCA
AARGACCRAC
CAGGACAAGC
CGCTCCTIACG
GATTIGGTITIT
TGGTCAIGGC
CCCCGCTIGGE
GGCCCGCCCT
CCATICAGCAR
CGCGCCGICT
CCCCGRCRAL

1 CGCGCACCGX

ACCGAGGGCC
GAICACCABRSG
ACCACCICTA
CTCATBCCCS
CCTGGGCCGT
GCGACGCCCS
TCGGCCGACC
CGGCTACAGC
GCRTCCACCS
ACCSTCRACS
GGGAGCTCGGC
ATTGGGAGGT
CGGCCCGCGA

CTBCTCGGCC

GCCACGCCGE
GCCEGCETCT
GTCGGIGGAG
GACCCGCACC
GACTCCATGA
CGTICCTIRAT
CCCCCTGCAC
GCGICGCEEC
GAGGCTCIGT
CGGCCGTGGA
CAGCRAGGCC
RAGARGCCCT
AGCGGCETA

GRCGACGACG
CCCIGGCCTE
TCGGCGCIGE
CCTCCTCGTG
GGGACCGCCA
GGCCACGLCT
GTECGCCCAC
TGCGCCGATC
ARCCCCGAAC
CCGBCIGGLE
CCCCCTCCTG
RACTGCGCCA
CCGCATCCGA
TGCACGCCET
GARCCCCIGC
ATGGATCACC
AGGCCACTTT
RRGGCTCGTC
ATGATGGCTG
GGCCGCAGRA

SIGIMAL i;?
oRIGIM | 4

CGEGCCCCGA
CGCCCACACT
SGECCGACGE
CACCCCGCCT
GCTCAACCGE
CCCACCCTCC
STRCCTCACC
GGGECCCECE
CTTGCCCCTS
GAGACGTCGS
AACGTCTGTG
GGGCCTGACS
TCTGGGEGACE
TTCCGTCATA
GTCGATGAGC
CGACGACCTS
GGGTCCGRTA
GTCGRCTGLS
CGLCTGGCIG
ACGCCGIGTG
CGCARGCCCA
CGTCGACGGA
RCCCCGCCTE
GRGCTCGACA
GCGACGCACT
TCTTCGAGAC
CAKCGCCACG
CATCGCCTCC
CGGCCCGCGA
CACCGTTTICT
CTCCACCATC
CTCETGLCCS
ACGTCCAGCA
CGIGTAGGGG

RCTCCICGCG
EGARCCCLRCG
CGAGARCGICG
CCGCCTICAR
GCRTAGGECCS
CATTCIGTAC
GGATGCARGRA
CCCIGCRCCC
CCCRACGCCE
CGCCCCCGIC
AG3EGCCTTIG
GCCCGGRARG
CCTAGACCCC
CCGGRATTTIA
AGTGGGAGCA
GCAGCG6ES5CA
CATCGAGGIC
BCCECCCCGA
CCCRECGCCA
GGCCCTIGRAR
TCGCCTACGC
GACGCCTCCT
GAECACCARCC
CCCACCTGGA
CGCCGGCGCA
CGCCLOGCACC
RATACCCGRC
ZCCGTICGAGE
GGCCGCC6L0
ACGGCTGRAT
CAGAGCTACL
CCGTGLTECT
CCGCGTGAAG
CCTCCATCCGE
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GGCCGCRICA
GCTCCGLCLG
CGCAGGAACC
CGRCCGCACC
CCGCCRACCT
CCTGTACCTG
CCCGCARCCC
CCGCIGCCEE
GGCCEGCGEE
CRCCTACCCT
TAGGAGTTCC
GARGTCGCTG
GGRACTATCT
TGGCATGCTG
GGTGTGGECIG
TCTACCBGAT
BACCCCCARG
CGCTGCCATG
TCGTCGAGRA
GCAGCCATCC
CGCCBCLETC
ACGCCGECCT
TGSTGCACCG
TGCCGCCGGE
XCCCCGTCGE
TGGGCCTACC
CGCCGAGGAC
CGCTCARCGC
ATCGCCGCCA
CGACTCCCAC
GAGGACKCAA
TCTATCRCCE
CGTCGGGGCA
RACCGCCCAG
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CGSTGGRCCT CCARTCCCCCS TGAGGAATGG ATCRCTCAGHR AGGCCGICGA
GCZTGAGGAG ATCCGGGCCT ACRAGTACGA CGAGGGEGCAC ACGIGGGECG
AGRCCICGLG CCRCTICGGG AICGCGAAGR CCACCGCCCE GGAGLGGGCC
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3551 CGGCGGGCTC GARGGGAGCG GGUGGCCGARR GCGGAGAAGGS CIGCLGAGGA
3601 GGCCGAGGCC GCGCTGCGTC CGACACTCTT CGAGGECCAG GAGCRAGGIT
3651 CTGCATGAGC ARCCCCGAGT CCTCGGGTAG ACCGICTIGGC CCGACGTTEZA
3701 GCATGGCTGA LGCGGCCCGT SCCTGTGGGG TTTCAGTGTLC CACGGTGAGG
3781 CGTCACCGIG ATGCCCTGGT GGLCCACGGT GCTACCCGIC ATGECGCGIC

[N}
(4}
b

ATGGGETGATA CCLCTIATCAG CGITIGATITIC ATGCGSITTIG ATGCCCCGGG
TGACRACLCCC TGATGCCCCG TCRCCCRAATA ACGTGGCGCC TGCCATGACG
TCCCACGGTG ACGCCCCCCT GACGGGGGAAR GFTCCARAGAGT TGCGLGRGLG
ACTGGCCARC GCTGRGCATC GAGCCGARGCT RGCCGRRGCC ATCGLGGCLG
AGCGACRACA CACGATCGAT GCCCAGCGCE TCGLCITARCG GGCCTTAGRR
CCCGGCTCGA CCCATARCAG CCCGGCRACC GATGAGCCGS CTACCGCICG
CGRGCARCCT CCCGGICCRG CCCAGLGA CTCCAGGCCEZ CACCGLCGGR
GITGGTSGCEG TCGGLTGACT GGTGGCGLCT GARCTGGCCCC GGTCGTCIIC
GAGGGGRACC ITCTCGCCIGC GAGAGGBACAC AGCRGCCGGL TGIGCIGSTIA
GGGCATCCCA GCACGACECC CCTCTIGACGC GAGRAGTITCA AGGACTACEC
GRATTGCTGA CTACCGCCGA GCGGLCAGCAC ACGATCGAGA TGCICARRLGA
ACCGCACTAC GCGGCCITAG AaGGCCCLAR GGCACGCTCEZ CCTACCACET
GGATCACCRC CGATCGGCGL CGRCAGCTAT GGACCCCATC GCRAGAICRX
ARCCCCIGRG CAGCCATCGT ACCGAGCGCC CGGCALGLCG GARGRAGCIC
CGACGCCCCT GCTGTCCGGA CACGGCCTAR CGCGILCAGR CCAGRACCERG
1 IGCICCSATC TRRACCGARG GCCCTITCAIG TGAGAGCARTA GICSTSGACGT
CGGCERCAGTA STICGIGLCCG GCOGGGGGIEZA C ACZE CGCITAZRRA
GCATCGGAGC LAGCTARCALC RGGGGGALTS ATGAACARZLR CACRCRRZAT
GGCGACGLTG GTRATTGCCG CGATCTTGGC CGCCGGARTS ACCGCACCAA
£751 CIGCCTATGC AGATTICTCCT GGRAACACCA GARTTACRGT CAGCGAGCAA
01 AGCGTCCTITA CCCRGATACT CGGCCACRAR CCTACACRAR CTGRATATAA
31 CCGATACGTT GAGACTTACG GAARGCGTACC GACCGAAGCR GACATCRACG
01 CATATATAGA AGCGICTGRA TCTGRGGGAT CATCARGICR ARCGGCIGCT
51 CACGATGACT CGRCATCACC CE&GCACGAGT RCCGARATCT ACRCGCAGGC
£1 AGCCCCTGCC AGGTICTICRR TIGITTITCCT GICCGIRACT TGGATCACTA
51 GGAGEIGSTGT AGTATICGCIC ICCTITGAAGC CRAAGGARAGGS TGGIATISGC
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RACGAGGGGG
CGCTGGGCAR

" ABAAGCAGTA

GIGTIGCCATT
ARTCGGCGCE
RTGTICAGTG
TGCARGGATT
CGCTCCGLGA
GACACCATCG
CACCRAGCCG
AGCCCCTCAT
GGCAGCGACA
GCAGAARCATA
TCAAGGGGGA
CCGGCCAGGT
CGRLGGGGTIG
TCGLGCTILG6
ATCGELGGACC
TCCCGTCGTT
GCGGTATGCA
GAACTCGGGG
GGGTGGEGLCT
TCCCCATGAT
KRTCGCGCTIGC
AGGCIGAGAA
CCCTCGRGGG
CICCTACITA
TCCABACGIT
TTCTAGGART
CGACGTCICG
CGATAGCITG
TGICIGATIIC
CCCCCTGGCAa
TGITATICCGC

RCGAGCGTIAC
TIGGRCACGAT
CATGTGCCAC
TCTCACAATC
GGGRICIGGA
CGITCARCCIC
GGACCCATGA
CGCGCATCAG
CARRTCCGTIC
ITCGCGATCCR
GCRCAGCAIC
GCAGICCIIT
CCGGRICCECC
GCGGARGGCC
TCGGCGRIAT
ARGATCGICG
&GCGTCGGGE
GGCGTCTCCA
CICICCGETIC
GCTGRATGACG
ACRRTCCGGA
TCCGACCTIGT
GAGCCAGACC
ACGAGAGGAT
CGACCIGAIC
CGCGGLGTICC
TARTTGTCCC
TGGGACTICT
AGTITCARTA
GCGRCTICCGG
AGCTGICTAC
GCCAGTIGAGC
GRATITCGTAA
TCACAATICC

CTGGRAGACT
ACAAGAACAR
TTCAAGTACG
CCGGGGTHCE
GGBIGCTGCE
GACCCCAGTG
GTCCGCGARA
LGCCTGATIG
CGATCCCGCE
ACATRARGAC
GCGGCCGGEE
TCCATCTGAG
TCATCGACTC
AAGACATICG
CGCGAGCLGE
GGRRCATCGG
ATCATCCTGG
AAGGGCCAGE
GCGAGGAGGC
CTCARGGCGG
TCGGCTGGCC
TCGAGGAGGC
GAGTCICTCA
CGACAGGRAT
CGCCRCTCGC
TGCATGICCE
ATACGCGICA
ATCGTICTIT
GTACTGAIGG
AGRACACCAA
CAATCTGGAT
CARCGGCGGE
TCATGGTCAT
ACACAACATA

GTATACGACA
CGGCGTAGAC
GGATGGTGAA
ATTGTCGCGT
ACACGCCCAT
CTGAACTTGT
GATTGGCGTT
CAACCCGGAT
GTGCAGCGGA
ARCGTTGATC
TGGAGTTCAT
TTGCTGGAIC
CTCGRICGTC
GCATCGCCCE
CGTGGGGACE
CGCGATAGTA
TCGACAGIGE
CGAGGTTACG
CATCGCCTTC
ATGGCGRCAT
TTGCIGTICG
GTCTTCCGTC
ACGTTICCGT
CICGLGGLCA
GGAACTICCGG
GGCGCAGGGG
TACTGGTTAS
ATGGTGGATT
CTAGCAGTAG
GTCAGGGICT
ATAGCTATAT
GGCGACRCGC
AGCTGTTTCC
CGAGCCGGAA
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ARTTCCATAA
GCCAGCATGA
GACGCCATGG
TTCCCACKGG
ATTTTGRACG
CCGICGLGGS
ACCGAGCTCG
GACTGAGTIG
TCATCGATGT
GAGGACGTCE
CGAGGTCTAC
TGTGCBGGCE
ARCCAGTTGT
CGTCCCICGC
TCGTCGTICT
CGCACGTTGC
CATCACCAEC
TCITCTCCCT
ATTCGGGACR
TTCCGTGAAG
GCAGCGARAR
TCGGTTTCCA
TICCCTCGGA
ACCGATARTC
ACGCCGCGTC
CXAGGCABGC
TCGCIGGAGR
CCAGTGGCTT
AGGTIGGGGA
CATGAGTGTIG
CGGICGBTTIS
GGTGGCGRAA
TGTGTGAAAT
GCATAAAGTG
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TAAAGCCTGS
SCTCACTGCC
TGRATCGGCC
CGCTICCTCS
CGGTATCAGE
SATAACGCAG
CCGTARRAAG
ACGAGCATCA
GGACTATRZA
TCCTGITCCG
CGGGRAGCGT
STGIRGGICG
5CCCGACCGL
TARGACAECGA
AGAGCGAGGT
CTACGGCTAC
CAGTTACCTT
ACCGCTGETR
DARARAAGGA
CTCAGTGSGRA
BANAGGATCT
AATCTARAGT
TCAGTGAGGC
5CCTGACTCC
TGGCCCCAGT
ATTTATCAGE
CCTGCARCTT
TAGAGTARGT
CTACAGGCAT
TCCGGTTCCC
BARAGCGGTT
CCGCAGIGTT
GTCATGCCAT
STCATICTGA

GGIGCCTAAT
CGCTITICCAG
EACGCGCGGE
CICRCIGARCT
TCACTCARASG
GARAGARCAT
GCCGCGTTEC
CABAAATCGA
GATACCAGGC
ACCCTGCCGC
GGCBCTTICT
TICGCIC AR
TGCGCCTIAT
CTIRTCGLCR
ATGTAGGCGS
ACTAGARGAR
CGGARREAGE

GAGBTGAGCTA
TCGGGARACC
GAGAGGCGET
CGCTGCGLTC
GCGGTAATAC
GISAGCRARA
TGGLGTITITTE
CGCTICRRGTC
GIIICCCCCE
TTACCGGATA
CRRAGCTCRC
GCTGGGCIGT
CCGGTARCTA
CTGGCAGCAG
TGCTACRGAG
CAGTATTIIGG
GITGETAGCT

GCGGTGHTTT
TCTCRAGAARG
CGAABACTCR
TCLCCTAGAT
LTATATGAGT
2CCTATCTCA
CCGTCGTIGTIA
GCTGCAATGA
AARTARRCCAG
TATCCGCCTC
AGTTCGCCAG
CGIGGIGTCAR
ZACGATCAAG
LGCTCCTICG
ETCRCTICRIG
CCGTAAGATS
GAATAGTGTIA

TITTIGITIGC
ATCCTTIGAT
CGTTLAGGGA
CCTTTTRALT
LRARCTTGGIC
GCGATCTGTC
GATAACTACG
TACCGCGAGA
CCLGCCGGAA
CATCCAGTCT
TTRATAGTTT
CGCTCETCET
GCGAGTTACA
GTCCICCGRT
GTTATGGCAG
CTTTICTGTG
TGCGECGACC

ACTCRCATTA
IGICGIGCCA
TIGCGTAITIG
GGTCETICSEG
GGITATCCAC
GGCCAGC2aRA
CCRTAGGCTIC

"AGRGGIGGLG

GGRAGCICCC
CCTGICCGCC
GCIGIAGGTA
GTGCRCGARC
ITCGICTTGRG
CCACTGGIAR
TTCITGAASGT
TARAECTGLCGCT
CTIGATCCGE
ARGCARGCAG

CTITICIALE

TTTTGGTCART
TZARAATGRA
TGACAGTIAC
TATTTCGTTC
ATACGGGAGS
CCCACGCTICA
GGGCCGRGLG
ATTARTTGTT
GCGCAACGTT
TTGGTATGGC
TGATCCCCCA
CGTTGTCAGA
CACTGCATEA
ACTGGTGAGT
GASTTGCICT
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ATTIGCGTIGC
GCTIGCATT2A
GGCGLCTICTIC
CTGCGGCGAG
AGAATCAGSEE
AGGCLAGGRA
CGCCCCLCTG
ABECCCGRET

TCGIGCGCTC
ITTICTCCCIT
TCICAGTICG
CCCCLGTICa
TCCARCCCHG
C&GGATIARGC
GGZGEGCCIAA
CTGCTGARSC
CARARCAZACC
TTRCGCGCAG
GGGICTGACE
GRGATTATCA
GTTTIIARRIC
CRATGCTT2R2
ATCCATAGIT
GCITACCARTC
CCGGCTCCAG
CAGRAGIGGT
GCCGGGRAGC
GTIGCCATTG
TTCATTCAGC
TGTITGIGCRA
BGTEAGTIGG
TTICICTTACT
ACTCARCCEA
TGCCLGSCET
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CARTACGGGA
ATIGGAARAC
GAGATCCAGT

CTITTARCITT.

GCCGCARAAAA

CTTCCTITIT

GCGGATACAT
CGCACATTITC
CAIGACATIA
CGCGTITTCGG
ACGGTICACKG
GGGCGCGTCA
CATCAGAGCA
CACAGATGCG
GCTGCGCARC
GCCAGCIGGL
CCAGGBETITIT
AGTGIGUCAT
GRATCGGLGC
GATGTITCAGT
GTBCARGGAT
GCGLTCCELG
CRACGTICGAG
AGAAGTICGG
GCCBCGCTIGE
CGAGGAGACC
TCGTCGLCGA
ATCCIGGAGG
CGGCGICATC
TCTTCAAGGC
CCBCACCCGC
CEACGLCGLG
ACGAGCCCIC
RICCTGGECCR

TAATACCGCG
GTTCITCGGG
TCGATGTAAC
CACCAGCGTT
AGGGRATARG
CAATAITRIT
ATTTGARIGT
CCCGARARAGT
ACCTATAAZR
TGATGRCGGET
CITGICIGIA
GCGGGIGITG
GATTIGIACIG
TARGGAGAAA
IGTTGGGRAG

GARRGGGGGA

CCCRGTCACG
TTCTCRCAAT
GGGGATCTGS
GCGICRACCT
TGGACCCATG
ACGCGCATCA
GAGCTGATGA
CTCCTICRCC
CCGCGAACTC
ARGATGGGCA
GTRCATCTAC
XGGACGAGGE
6CCGCGGTCA
CCTCCTGECE
GCGCCARGAR
GTGRAGGCCE
CATCGAGCTG
CCGGCGGCCT

CCACATAGCA
GCGAXAACTC
CCACTCGTGE
TCTGGGTGAG
GGCGACACGG
GAARGCATTTA
ATTTAGRAAR
GCCACCTGAC
ATAGGCGTAT
GRAARCCTCT
AGCGGATGCC
GCGGGRTGICG
ABAGTGCACC
ATACCGCATC
GGCGATCGGT
TGTGCTGCAA
ACGTTGTAAA
CCCGBGGTGE
AGGSTGCTIGC
CGACCCCAGT
AGTCCGCGARA
GAGCCTGATT
LGRRGATGCA
CAGGAGCAGS
BGCCCGCATC
TCGTCGAGGA
AACARGTACA
CTTCGGCATG
TCCCGACCAC
CTCARGACCC
GTGCACCATC
GCGCCCCGRA
TCGCAGATCS
CGGCATGSTG

GRACTTTARA
TCARGGATCT
ACCCAACTGA
CRAARRCAGG
ARATGTTGAR
TCAGGGTTAT
ATREACRAART
GTCTRAGARA
CACGRGGCCC
GACARCATGCA
GGGAGCAGAC
GGGCTGGCTT
ATATGCGGTG
AGGCGCCATT
GCGGGCCTCT
GGCGATTAAG
ACGRCGGCCA
GATTGICGCG
GACACGCCCA
GCIGRACTIG
AGATTGGCGT
GCAACCCGGA
GGAGGTGCAG
TCGACGAGAT
GACCTGGCCA
CRRGGTGATC
AGRACGAGAA
GTCARGATCG
CARCCCCACC
GCARCGGCAT
GCCGCBGCCA
GGGCATCATC
TCATGAAGGA
RAGGCCGCGT

FIGURE 10 (Sheet 6 of 7)
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AGTGCTCATC
TACCGCIGTT
TCTTCAGCAT
BAGGCHARAT
TACTCATACT
TGTCICATGA
AGGGGTTCCE
CCATTATTAT
TTTCGICICG
GCTCCCGEAG
ARGCCCGTCA
ARCTATGCGG
TGRAATACCG
CGCCATTCAG
TCGCTATTAC
TTGGGTRACS
GTGCCACTAG
TTTCCCACAG
TATTTTGARC
TCCGTCECE6
TACCGAGCTC
TGAAGGICAC
ARCGCCCAGA
CTTCCGCCAG
AGATGECCET
ARGAACCACT
GACCTGCGGE
CCERGETEET
TCCACCGCCA
CATCTTCTCC
AGCIGGIGCT
GGCTGGATCG
GGCCGACATC
ACTCGTCCEE

Job
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CAAGCCCGCC
AGTCCGCCGA
TICGACARCG
CICGAICTIAC
TCCIGTCCAA
GGCARCCCTIGR
GATGGCCGGC
TCAAGTICGSGT
CCCGTCCIGG
GECCGGLCGL
ACGTCAACGEC
ATGAAGACCS
CGGCGACARIC
GCICCIGGGG
CTGRACRICA
CGTGCCGGAG
AGGAGCICGA
GTGCIGTIACS
GCTCRAGATC
TGGCCALCCGC
ACCATCATICG
GIGGGTIGATE
GCTTICATGGA
AAGGCCATGAR
CRCCCCCTTC
TGGCCGACTA
ATGATGGGCA
GRCCCARCGCG
ACGGCCTIGEC
GCCTACTCGS
CGCCTICGACC
GCCACTCGAT
ATCGCCAACG
GAARCCCCCGC

AGAAGCGCTIA
GACGACGAGA
CAAGRICHAC
AGTICIACGC
IGCACCGGCE
GTACGIGARC
TCGCGGRACT
TCCGGGCGLA

ATCGGCGICG
CATCAAGATG
GCATGATCIG
GAGGAGGIGR
GGACGAGACC
ACGCCGGCAT
GTGAAGGICC
GGAGCACTICC
CCAIGTACCG
CICGTCBRGC
CATCACCGAG
GCCGCACCCT
TACAACTICA

CGGCARCTCC

AGTCGGIGGC
ARGGTCTACT
CATCCICGAC
AGCIGGGCTA
TCCTACARGR
CARGRAGGGC
CCGTIGRECEE
TACGAGCACC
CATCCGCAAG
TGAICTCGGT
GCCGTCATCA
CGAGCIGACC
TGCCGRAGGS
ATCGAGGCCT
CCTGGAGGCC
AGGGCARCCAC
ATCGCCGGCA
GGCCCACAAG
CCCTGCIGAT
AAGCAGGCCG

CGCCCGCRTE
AGGTCCRGCT
ATCCCGGAGT
CRCCCTCEAC
CCRACCCGCG
GCCTTCTGAT

GCCCCGGCAR
GCCGTCAARCT
CGCCTCCGRG
AGARGGAGIT
ARCCAAGGTCG
CGICGGCCAG
CGGAGGACGC
GRGGAGCCGT
CGCCRAGARC
TGGGCGGGAT
AAGGTIGAAGG
GATCAACRTG
AGCTCGCCCC
GIGTCCGAGA
CGRGCGCCGC
TCAAGTACGS
ARGRAGAAGG
CRTCGALCGC
TCITCACCGA
GCCGRGGAGC
GGGCTICCGCC
CGGAGGTGCG
CGCGTICTACA
GGCCACCICG
CCGACGAGRA
CCGAACATGG
CCICRLCCGLC
ACGTGTICGAT
ATCCGCCTGA
CICCATCARG
TGGCCTITCGC
CTIGGGCTCGA
CAACGRGGTG
CCITCCCGCA

GCCGACTIRCC
CCTGATICAAC
CCRTICAAGGA

RAGATGTCGG

CTACCCGCIC
GATCAGGLCTG

CCGGACGCCG
GGGGCAAGGC

CGTCCCCTCG
AGGCCICCIA

CACCCLCGCC
CCATCCTIGCT
CAGICGGTGG
CGCCCACCGC
GCALGAICCT
TCGGCCTACA
CAARGGIGCTC
TCICCCACGA
TTCGRCGAGG
GGGCCACACC
TGGAGAAGTT
CCLTCCGCCC
CTCCCTGRCC
ACGTGGGCCC
GAGAACATGC
CTCCCTCG6C
TGITCAICGT
GICRCCRAGR
CGTCGAGCCC
TGCTGICCTT
ATGGRCGCCE
CTTCGAGGKC
CCITCCCGAA
GCCGGCRCCS
GACCGGCGCC
CCATCATICGA
GCGTCCGGCA
CRIGGCCTICC
TCTICARAGIA
GCCCGCGARGA
CAACGCCTIC
CCCACCACGT
ATCAAGITCA
GTACAAGTAC

TCRACCICGG
GCCATCGATG
GGCCGGCGIC
AGCTCGCCIT
ATCICCGAGA
AGAACGACCT
GGGGCGECG6C
CR
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CTGATCGACG
GTCCARGACC
TCGTCGTCOA
GGCGCCTACA
CCTGGTCARC
AGATCGCCGA
ATCGGCGAGS
GARGCICTCE
CCCIGCTICAA .
TCGGTCCTGT
CCGCGAGRCT
AGGGCGCCAT
CICGECTELE
GARGCACCTG
TGIGGTICCE
GICGLCCTCA
GRCCGACARG
TCCTCGAGGA
GACCCCACCE
CAACCCCGAC
CCAAGATCRT
CTCGCCATGE
GATGGGCGAG
GCTCGGRGGT
ARGTACCCCC
CGCCEAGCTC
TCGACGCCCT
GAGTACACCA
CCTCCCGATE
AGATGGCCCA
CTCGGCETCT
CCCCCACGEC
ACGCCGTCGA
CCGAACATCR

CGGCTCGARCC
AGCTCRAGGC
ACCGAGGAGA
CGACGACCAG
TCARGCAGAT
GATCCGCCAC
GICCTGCAIG
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CTAGAGGAIC
GTICCAGCCG
TCACCCTGCT
CTCGOCCTGh
CGGAACACCA
GCCCCGCAGT
CATCACCGGG
CTGCGCCAGA
ACGCTCAGCA
ACCGACCCGC
TGGCCGAGGC
CGCCCTGACC
GACCTGCGGC
CCACCCCCCA
GTTGCCCCAC
GCTACACTGA
CGGTGAAACT
GCCACCGGGC
CATCGACCAC
TGCGAGCCGE
CTTGGCCTGE
AACTCGACCG
ACCGGCCTGG
GGCCGGACTC
TGAACGCCGA

1 CAGGCCTACC

ACCACCCGCC
GCCGGCCOTC

1 CCAGCAGCCC
1 GCCGCCTGAC

ATCCTCCGCO

1 GGGCCTCGAC

TGCACCTOCT
BBCCCGGTGC

CGGCGGAACT
TTCCTCCAGC
CCAGGTGCCE
GCBGCCCOEC
CACCCGGGGC
GGGGACACGC
TCGGAATCCA
CAGCTAAGAA
TTTTCCGAGA
CCAGCATCCG
CGACTACGAC
GACTCTCCCG
€CCGCCCCCT
CACCACCCCE
CTCCCCGACA
CTACTAGTAG
CTCCGAAGAG
GATCCAAGTC
ATGGTCCACS
€COBOCCOCe
ACGATTGAGT
AGCCCAGOCC
ACGATCCCCA
TGOCGCTACE
CCOCCTO6CC
GCTGACACGC
CCACCGAGCA
TTACGGGTTG
CACGATCTCC
GCTCCGCCTC
GCGGCGBCCT
CCGGOCCTEC
CBGCCCGOGC
TGATCCGCCA

(e geét

TCACGTCCTS
ACGGTGATCC
GGTCACCOTC
GTTCCTCACT
CGACCCCGCC
CCGCABCGCC
TACCCGAAAC
TGCACGAGGT
CGTTCGOCEC
CCGACACGTC
CGCTAGTCAG
TCGGGATTGT
CGCCCTGCAA
ACACCGTGAT
TCAAGAAAAC
TCAGGAGGTG
ACCGGCCOCA
CTACTACCTG
ACTACGCCAT
ACCTACAGCO
ACACCGACCC
COCCGCATCA
CCAACGCGGG
GCGTCOGOCA
ATCATCGCCC
AACCCCGCAC
CTGAGGATGCT
TCTTGGCOGG
CGCAGCOTGT
COCCCTB0CC
GCTCCCTCOC
ACCTGCCCCA
CTCCGCCTOG
GOGCCOBCCTC

GCGBTGGAGT
GGGCCTCCAG
ACCGTCCOCA
GGCCCGCTTC
CACCGTGGGC
GACGCATCCT
CATATCGTCC
GTGTCTCCGA
ACGCACACAC
GATCCGCACC
CACCTGCGCT
CGCCGGCCGC
CTCCAGGGAG
GCGCCCATGT
CTGACACCGT
CGTGATGACC
ARCTCGATGA
CGCGAGGCCA
CGCCCGACTC
CCOACGAAGT
CGCCGTCAAA
CCGCCTACAT
AAAGGCCTCA
CTACCGGATC
TGACCATCGA
CCTCGGCCAA
CAACTCGCCC
COGGGTCTCT
COBCEOTGGC
TGCTCGGCTE
CTCGOCCAGC
GOCGCGCCTC
TCCCBGGCCG
GGCCACCGCT
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A

TGGCGGECGT
ACGCTCACGC
CCGGCCBOGC
CGGCAATCGT
CTCCACCGGC
CATCCAAGGC
GGACGATGAA
TPCTCAGGAA
CCCCACAAGA
CGCGATGGGC
GATCTACCGT
TGCCAGCATC
GCGGGGCCOT
CGCCTAACGG
CGCCGCAAGC
ATCGCCACAT
ACTAGCCCGC
TCGAGGACCA
GCCGACGACG
GGACCAGATC
GCACTGCGCA
ACGTGAGCTC
CCGGGCCCCT
ATCTGCGACC
GCACCGATCC
GACGTCACAC
GAGCCGGCCT
TTGCCCTGGC
GGCGTCCCGO
CCTGCOCCCO
TCOCCGOTCA
CGCCTCCTGC
CCTCOGCCTC
TCOOCCTGCC
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CATCCACCGC
CTCGCCTGAC
ATCCGGCGGE
CCGCCGCAGC
GTCACCCGCC
TGACCCATTC
TTCCTAGGTA
CCCTCACACT
GCCCGCTCCT
CAGCCCACCA
AAAGACCAAC
CAGGACAAGC
CGCTCCTACG
GATTTGGTTT
TGGTCATOGC
CCCCGCTC6C
BGCCCGCCCe
CCATCAGCAA
CGCGCCGTCT
CCCCGACAAC
CGCGCACCGA
ACCGAGGGCC
GATCACCAAG
ACCACCTCTA
CTCATGCCCG
CCTGGGCCOC
GCGACGCCCO
TCGGCCOACC
CGGCTACAGC
GCATCCACCG
ACCGTCAACG
GBGAGCCGOC
ATTGOGACGC
CGGCCCGCGA

CTGCTCGGCC
GCCACGCCGC
GCCGGCGTCT
GTCGGTGGAG
GACCCGCACC
GACTCCATGA
CGTTCCTAAT
CCCCCTGCAC
GCGTCGCGGC
GAGGCTCTGT
CGGCCGTGGA
CAGCAAGGCC
AAGAAGCCCC
AGCGGCGTAC
GACGACGACG
CCCTGOCCTC
YCGGCOCTOO
CCTCCTCOTG
GOGACCGCCA
GGCCACGCCC
GTACGCCCAC
TGCGCCGATC
AACCCCGAAC
CCGGCTGGCC
CCCCCTCCTG
AACTGCGCCA
CCGCATCCGA
TGCACGCCGT
GAACCCCTCC
ATGGATCACC
AGGCCACTTT
AAGGCTCGTC
ATGATOGCTG
GGCCOCAGAA

CGAGCCCCGA
CGCCCACACC
GGACCGACGC
CACCCCGCCT
GCTCAACCGC
CCCACCCTCC
GTACCTCACC
GGGBCCCECC
CTTGCCCCTG
GAGACGTCGG
AACGTCTGTG
GGGCCTGACG
TCTGGGGACC
TTCCGTCATA
GTCCATGAGC
CGACGACCTO
GGGTCCGATA
GTCOACTGLG
CGACTGGCTG
ACGCCGTGTG
CGCAAGCCCA
CGTCGACGGA
ACCCCGCCTG
GAGCTCGACA
GCGACGCACC
TCTTCCAGAC
CAACGCCACG
CATCGECTCC
CGOCCCGCGA
CACCGTTTCT
CTCCACCATC
CTCOTBCCCE
ACGTCCAGCA
CGTOTAGOGO

Cmive PR

»

[ Aved

ACTCCTCGCG
AGACCCAACG
CCAGACGTCG
CCGCCTTCAA
GCATAGGCCG
CATTCTGTAC
GGATGCAGAA
CCCTGCACCC
CCCAACGCCG
CGCCCCCGrC
AGGAGCCTTG
GCCCGGAAAG
CCCAGACCCC
CCGGAATTTA
AGTGGGAGCA
GCAGCGGCCA
CATCGAGGTC
ACCACCCCGA
CCCAACGCCA
GGCCCTGGAA

{"“;\-

#

TCGCCTACGC

GACGCCTCCT
GAACACCACC
CCCACCTGGA
CGCCGGCGCA
CGCCCOCACC
AATACCCGAC
ACCGTCGAGG
GGCCGCCGOC
ACGGCTGGAT
CAGAGCTACA
CCBTGCTGCT
CCGCGTGAAG
CCTCCAYCCC
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GGCCGCATCA
GCTCCGACAG
CGCAGGAACC
CGACCGCACC
CCGCCAACCT
CCTGTACCTG
CCCGCAACCC
CCGCTGCCGC
GGCCGGCGG6

CACCTACCCT -

TAGGAGTTCC
GAAGTCGCTG
GGAACTATCY
TGGCATGCTC
COTCGTGGCTG
TCTACCGGAT
AACCCCCAAG
CGCTGCCATG
TCGTCGAGAA

GCAGCCATCC

CGCCOGCCGTC
ACGCCGGCCT
TGGTGCACCG
TGCCGCCGGC
ACCCCGTCGG
TGGOCCTACC
CGCCGAGGAC
CGCTCAACGC
ATCGCCGCCA
CGACTCCCAC
GAGGACACAA
TCTATCACCG
CGTCGBGGCA
AACCGCCCAG
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CGGTGGACCT
GCOTGAGGAG
AGACCTCGCO
CGGCOGGGCTC
GGCCOAGGCC
CTGCATGAGC
GCATGGCTCA
CGTCACCCTC
ATGGGTCATA
TGACACCCCC
TCCCACGGTG
ACTGOCCAAC
AGCGACAACA
CCCGGCTCOA
CGAGCAACCT
GTTGOTGGCE
GAGGBGAACC
GGOCATCCCA
GAATTGCTGA
ACCGCACTAC
GGATCACCAC
AACCCCTGAG
CGACOGCCCCT
TGCTCCGATC
CGGCACAGTA
GCATCGGAGC
GGCGACOCTG
CTGCCTATOC

- AGCGTCCTTA
CCGATACGTT
CATATATAGA
CACGATGACT
ABGCCCCTOCC
GGAGTCGTCT

CCATCCCCCG
ATCCGGOCCT
CCACTTCGGG
GAAGGGAGCG
GCGCTGCGTC
AACCCCGAGT
AGCGBCCCOT
ATGCCCTGOT
CCCCTATCAG
TGATGCCCCO
ACGCCCCCCT
GCTGAGCATC
CACGATCGAC
CCCATAACAG
CCCOGTCCAG
TCGGCTGACT
TCTCGCCTGC
GCACGACACC
CTACCGCCGA
GCGGCCTTAG
CGATCGGCGC
CAGCCATCGC
GCTGTCCOGA
TAAACCGAAG
GTCGTGCCCE
AAGCTAACAC
GTAATTGCCO
AGATTCTCCT
CCCAGATACT
GAGACTTACG
AGCOTCTGAA
CGACATCACC
AGGTTCTCAA
AGTATCGCTC

TGAGGAATGG
ACAAGTACGA
ATCGCGAAGA
GGCOGCCGAA
CGACACTCTT
CCTCGGGTAG
GCCTGTGGGG
GGCCCACGGT
CGTTOATTTC
TCACCCAATA
GACGGOGGAA
GAGCCGAGCT
GCCCAGCGCA
CCCGOCAACC
AACCCAGCGA.
GGTGGCGCCT
GAGAGGACAC
CCTCTGACGC
GCGGCAGCAC
AAGGCCCCAA
CGACAGCTAT
ACCGAGCGCC
CACGGCCTAA
GCCCTTCATG
GCGGGGGTAA
AGGGGGACTG
CGATCTTGGC
GGAAACACCA
CGGCCACAAA
GAAGCGTACC
TCTGAGGGAT
CGGCACGAGT
TCTTTTTCCT
TCCTTGAAGC

ATCACTCAGA
CGAGGGGCAC
CCACCGCCCA
GCGGAGAAGG
CGAGGGCCAS
ACCGTCTOGC
TTTCACTGTC
GCTACCCGTC
ATGCGOTTTO
ACGTGGCGCC
GTCCAAGAGC
AGCCGAAGCC
TCGCCTYACG
GATGAGCCGE
CTCCAGGCCA
GACCGGCCCC
ABCAGCCGGC
GAGAAGTTCA
ACGATCGAGA
GGCACGCTCA
GGACCCCATC
CGGCACGCCE
CGCGTCCAGA
TGAGAGCATA
COCTACACAA
ATGAACAAAA
CGCCOOAATC
GAATTACAGC
CCTACACAAA
GACCGAACCA
CATCAAGTCA
ACCGAAATCT
GTCCOGAACT
CAAGGAAGGEG
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ACGTGGGGCG
GGAGCGGGCC
CTGCCGAGGA
GAGCAAGGTT
CCGACGTTAA
CACGGTGAGG
ATGACGCGTC
ATGCCCCGGE
TGCCATGACG
TGCGCGAGCE
ATCGCGGCCE
GOCCTTAGAA
CTACCGCTCG
CACCGCCGGA
GGTCGTCTTC
TOGTGCTGGTA
AGGACTACGC
TGCTCAACGA
CCTACCACGT
GCAAGATCAA
GAAGAAGCTC
CCAGAACCAG
GTCGTGACOT
CGCTTAAAAA
CACACAAAAT
ACCGCACCAA
CAGCGAGCAA
CTGAATATAA
GACATCAACG
AACOOCTGCT
ACACGCAGGC
TGGATCACTA
TGGTATTGGC




Applicants: Braskem S.A. and
Universidade Estadual De Campinas Unicamp ‘

5101
5151
5201
5251
5301
5351
5401
5€51
5501
5551
5601
5651
5701
5751
5301
5851
5901
5951
6001
6051
6101
6151
6201
6251
6301
6351
6401
651
6501
6551
6601
6651
6701
6751

AACGAGGGGO
CGCTGGGCAA
AAAAGCAGTA
GTGTGCCATT
AATCGGCGCO
ATGTTCAGTC
TGCAAGGATT
CGCTCCOCGA
GACACCATCG
CACCAAGCCO
AGCCCCTCAT
GGCAGCGACA
GCAGAACATA
TCAAGGGGGA
CCGGCCAGGT
CGACGGOGTG
TCGCGCTCGE
ATCGCGGACC
TCCCGTCGTT
GCGGTATGCA
GAACTCOGGG
GGGTGGGCCT
TCCCCATGAT
ATCGCGCTGC
AGGCTGAGAA
CCCTCGOGGE
CTCCTACTTA
TCCAGACGTT
TTCTAGGAAT
CGACGTCTCG
CGATAGCTTG
TOTCTGATTC
CCCCCTGGCA
TGTTATCCGC

ACCGAGCGTAC
TOGACACGAT
CATGTGCCAC
TCTCACAATC
OGGATCTGCA
CGTCAACCTC
GGACCCATGA
CGCOCATCAG
CAAATCCOTC
TCOCGATCCA
GCACAGCATC
GCAGTCCTTT
CCGGTCCOCC
GCGGAABGCC
TCGGCGATAT
AAGATCOTCE
AGCOTCGG006
GGCGTCTCCA
CTCTCCGOTC
GCTGATGACG
ACAATCCGGA
TCCGACCTGT
GAGCCAGACC
ACGAGAGCAT
CGACCTGATC
CGCGGCGTCC
TAATTGTCCC
TGGGACTTCT
AGTTTCAATA
GCGACTCCGO
AGCTGTCTAC
GCCAGTGAGC
GAATTCGTAA
TCACAATTCC

CTOGAAGACT
ACAAGAACAA
TTCAAGTACG
CCGGGOTECE
GGGTOCTYOCE
GACCCCAGTG
GTCCGCGAAA
AGCCTGATTG
COATCCCGCO
ACATAAAGAC
GCGGCCOG60
TCCATCTGAG
TCATCGACTC
AAGACATTCG
CGCGAGCCGE
GGAACATCGG
ATCATCCTGG
AAGGGCCAGC
GCGAGGAGGC
CTCAAGGCOG
TCGGCTGOCC
TCGAGGAGGC
GAGTCTCTCA
CGACAGGAAT
CGCCACTCGC
TGCATGTCCG
ATACGCGTCA
ATCGTTCTTT
GTACTGATGG
AGAACACCAA
CAATCTGGAT
CAACGGCCGO
TCATGGTCAT
ACACAACATA

GTATACGACA
CGGCGTAGAC
GGATGGTGAA
ATTGTCGCGT
ACACGCCCAT
CTGAACTTGT
GATTGGCGTT
CAACCCGGAT
GTGCAGCGGA
AACGTTGATC
TGGAGTTCAT
TTGCTOGATC
CTCGATCGTC
GCATCGCCCO
CGTGOGGACG
CGCGATAGTA
TCGACAGTGA
CCAGGTTACG
CATCGCCTTC
ATOCGCGACAT
TTGCTGTTCG
GTCTTCCGCC
ACOTTTCCGT
CTCGCGGCCA
GGAACTCCGG
GGCGCAGGGG
TACTGOTTAG
ATCGGTGGATT
CTAGCAGTAG
GTCAGGGTCT
ATAGCTATAT
GGCOACACGC
AGCTGTTTCC
CGAGCCGGAA
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AATTCCATAA
GCCAGCATGA
GACGCCATGE
TTCCCACAGG
ATTTTGAACC
CCGPCOCGOG
ACCGAGCTCO
CACTGAGTTG
TCATCGATGT
GAGGACGTCG
CGAGGTCTAC
TGTGCGGGCE
AACCAGTTGT
CGTCCCTCOC
TCOTCGTTCT
CGCACGTCGC
CATCACCAGC
TCTTCTCCCT
ATTCGGGACA
TTCCGTCGAAG
GCAGCGAAAA
TCGGTTTCCA
TTCCCTCGGA
ACCGATAATC
ACGCCGCGTC
CAAGGCAGGC
TCGCTGGAGA
CCAGTGGCTT
AGGTTGOGGA
CATGAGTGTCG
CGGTCGTTTG
GGTGGCGAAA
TGTGTGAAAT
GCATAAAGTC
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€351
201
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TAAAGCCTCG
GCTCACTGCC
TGAATCGOCC
COCTTCCTCO
COGTATCAGC
GATAACGCAG
CCGTAARAAG
ACGAGCATCA
GGACTATAAA
TCCTGTTCCG
CGGGAAGCGT
GTGTAGGTCG
BCCCGACCGC
TAAGACACGA
AGAGCGAGGT
CTACGGCTAC
CAGTTACCTT
ACCOCTGGTA
AARAAAAGGA
CTCAGTGGAA
AAAAGGATCT
AATCTAAAGT
PCAGTGAGGC
GCCTGACTCC
TGGCCCCAGT
ATTTATCAGC
CCTOCAACTT
TAGAGTAAGT
CTACAGGCAT
TCCOGTTCCC
AAAAGCGGTT
CCGCAGTGTT
GTCATGCCAT
GTCATTCTGA

GOTGCCTAAT
CGCTTTCCAG
AACGCGCGGG
CTCACTOACT
TCACTCAAAG
GAAAGAACAT
GCCGCGTTGC
CAARAATCGA
GATACCAGGC
ACCCTGCCGC
GGCGCTTTCT
TTCGCTCCAA
TOCGCCTTAY
CTTATCGCCA
ATGTAGGCGO
ACTAGAAGAA
CGGRAARAGA
GCGGTGOTTY
TCTCAAGAAG
CGAARAACTCA
TCACCTAGAT
ATATATGAGT
ACCTATCTCA
CCGTCGTGTA
GCTGCAATGA
AATAAACCAG
TATCCGCCTC
AGTTCGCCAG
CGTGGTGTCA
AACGATCAAG
AGCTCCTTCG
ATCACTCATG
CCGTAAGATG
GAATAGTGTA

CRIGINAL

Go

GAGTGAGCTA ACTCACATTA ATTGCGTTGC

TCGGGAARACC
GAGAGGCGGT
CGCTOCOCTC
GCGOTAATAC
GTGAGCAAAA
TGGCOTTTTT
CGCTCAAGTC
GTTTCCCCCT
TTACCOGATA
CAAAGCTCAC
GCTGGGCTOT
CCGGTAACTA
CTGOCAGCAG
TGCTACAGAC
CAGTATTTGC
GTTGGTAGCT
TTITOTTTCC
ATCCTTTGAT
CGTTAAGGGA
CCTTTTARAT
ARACTTGGTC
GCGATCTGTC
GATAACTACG
TACCGCGAGA
CCAGCCGGAA
CATCCAGTCT
TTAATAGPTT
CGCTCOTCOT
GCGAGTTACA
GTCCTCCGAT
GTTATGOCAG
CTTTTCTCTC
TGCGGCGACC

TGTCGTGCCA
TTGCGTATTG
GGTCGTTCGO
GGTTATCCAC
GGCCAGCAAA
CCATAGGCTC
AGAGGTGGCC
GOAAGCTCCC
CCTOTCCGCC
GCTGTAGGTA
GTGCACGAAC
TCGTCTTGAG
CCACTGGTAA
TTCTTCAAGY

TATCTGCOCT

CTTGATCCGG
AAGCAGCAGA
CTTTTCTACG
TTTTGGTCAT
TAAAAATGAA
TGACAGTTAC
TATTTCGTTC
ATACGGGAGG
CCCACGCTCA
BGGCCGAGCG
ATTAATTGTT
GCGCAACGTT
TPGGTATGGC
TGATCCCCCA
CGTTGTCAGA
CACTGCATAA
ACTOGTGAGT
GAGTTGCTCT

FIGURE 11 (Sheet 5 of 7)

GCTGCATTAA
GGCGCTCTTC
CTGCGBCGAG
AGAATCAGGG
AGGCCAGGAA
CGCCCCCCTo
AAACCCGACA
TCOTGCOCTC
PTTCTCCCTT
TCTCAGTTCG
CCCCCOGTTCA
TCCAACCCGG
CAGCATTAGC
GOTCGCCTAA
CTGCTGAAGC
CAAACAAACC
TTACGCGCAC
GGGTCTGACG
GAGATTATCA
GTTTTAAATC
CAATGCTTAA
ATCCATAGTT
GCTTACCATC
CCGGCTCCAG
CAGAAGTGOT
GCCBGGAAGC
GTTGCCATTC
TTCATTCAGC
TCTTGTGCAA
AGTAAGTTGG
TTCTCTTACT
ACTCAACCAA
TGCCCGGCHT
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Universidade Estadual De Campinas Unicamp

CAATACGGGA
ATTGGAAAAC
GAGATCCAGT
CTTTTACTTT
GCCGCAAAAA
CTTCCTTTTT

TAATACCGCG
GTTCTTCGGC

‘TCGATGTAAC

CACCACCGTT
AGGGAATAAG
CAATATTATY

GCGGATACAT ATTTGAATCGY

COCACATTTC

CCCGAAAAGT

CATGACATTA ACCTATAAAA

COCGTTTCGO
ACGGTCACAG
GGGCGCGTCA
CATCAGAGCA
CACAGATGCG
GCTOCGCAAC
GCCAGCTGGC
CCAGGGTTTT
AGTGTGCCAY
GAATCGGCGC

GATGTTCACT

GTGCAAGGAT
GCGCTCCOCE
CACCGTCAAG
AGAAGTTCTC
GCCOCGATG0
CCTGGAGACC
TCGCCGGCGA
ATCATCGAGC
COGCOTCGTC
TCTTCAAGTC
CCGCACCCGC
GGACGCCGCG
ACGAGCCCTC
ACCCTCOCCA

TGATGACGOT
CTTGTCTGTA
GCGGOTGTTG
GATTGTACTG
TAAGGAGARA
TGTTGGCAAG
GAAAGGGGGA
CCCAGTCACG
TTCTCACAAT
GOGGATCTGG
GCGYCAACCT
TOGACCCATG
ACGCGCATCA
GABCTGGACG
GTGCTACTCO
CCGCGATCGA
GGCATGOGCC
CTACATCTAC
GCAACGAGCC
GCCGCGATCA
GCTGATCTCG
GCGCCAAGAA
GTCAAGTCGG
GATCGAGCTO
CCOOCBO0Ce

CCACATAGCA
GCOAAARACTC
CCACTCGTGC
TCTGGGTGAG
GGCGACACGS
GAAGCATTTA
ATTTAGAAAA
GCCACCTGAC

-ATAGGCOTAT

GAAAACCTCT
AGCGGATGCC
GCGGOYCGTCCG
AGAGTGCACC
ATACCGCATC
GGCGATCGGT
TGTGCTGCAA
ACGTTGTAAA
CCCGGGBTGC
AGGGTGCTGC
CGACCCCAGT
AGTCCGCGAA
GAGCCTYGATT
AGAAGCTCAA
CAGGAGATGG
CGCCCGCATC
TCGTCGAGGA
AACAAGTACA
GTACGGCATC
TCCCCOTCAC
CTCAAGACCC
GTCGACCATC
GCGCCCCCBA
ACCCAGTACC
CTCGCTCGTC

CRIGINA'

GARCTTTAAA
TCAAGGATCT
ACCCAACTGA
CAAARACAGG
ARATGTTGAA
TCAGGGTTAT
ATAAACAAAT
GTCTAAGAAA
CACGAGGCCC
GACACATGCA
GGGAGCAGAC
GGGCTGGCTT
ATATGCGGTG
AGGCGCCATT
GCGGBCCTCT
GOCGATTAAG
ACGACGGCCA
GATTGTCGCS
GACACGCCCA
GCTGAACTTG
AGATTGGCGT
GCAACCCGGA
GOGTCATCAAG
TGGACGAGAT
GAGCTCGCCA
CAAGGTGATC
AGGACGAGAA
ACCAAGATCG
CAACCCGACC
GCAACGGCAT
CTGGCCGCGA
GAACATCATC
TGATGCAGAA
AAGTCGOCCT

FIGURE 11 (Sheet 6 of 7)
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AGTGCTCATC
TACCGCTOTT
TCTTCAGCAT
AAGGCAAAAT
TACTCATACT
TGTCTCATGA
AGGGGTTCCO
CCATTATTAT
TTTCOTCTCO
GCTCCCGOAS
AAGCCCGTCA
AACTATGCOO
TGAAATACCO
CGCCATTCAG
TCOCTATTAC
TPCOGTAACC
GTGCCACTAG
TTTCCCACAG
TATTTTGAAC
TCCOTCOCO0
TACCGAGCTC
TGAAGGTCAC
GAGGCCCAGA
CTTCCGCAAC
AGGCCGCGGT
AAGAACCACT
GACCTGCOGC
CCGAGCCCAT
TCCACCACCA
CTTCTTCTCG
AGACCATCCT
GGCTGCATCE
GGCCBACATC
ACTCOTCCGO
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CAAGCCCBCC
AGTCCGCCCA
TACGACAACG
GTCGATCTAC
TCATCAAGAA
GOCTCGGTGA
GATOGCCOGC
TCACCTCCCT
GTCCTGOCCA
CGTCACCCTG
CCGACGAGAT
AAGACCGTCC
CCACCTGTAC
TCTGGOGGGE
AACATCAAGA
CCCCCACAAG
ACCTCAAGGA
CCCTACAACC
CGACATCGAC
AGACCATCAA
ATCATCGCCC
GGTCCTCTAC
TCATGGACAT
GCCATGCTCO
CCCCTTCOCE
CCOACTACGA
ATGAAGATGC
CAACTCOATC
GCCTCHCCCT
TACAAGAACG
GTCCACCATG
ACTCCATGGC
GCCAACGCCC
CCCGOTGAAG

TCCGCTACGC
GAGGACAAGG
CCTCAACATC
TCTACTCCTC
ACCGGCGCCA
CATCAACTGC
ATCCGCCACT
TCCTGCATGT

ATCGGCGTGG
CATCAAGATG
GCGTCATCTG
AACAAGGTCA
GAACGAGCTG
ACCCCAAGAT
ATCAAGGTCC
GGGCGAGGAG
TGTACGAGGC
ATCAACCTCG
CAAGGCCCGC
GCACCTTCGT
AACTTCCGCA
CAACTCCGTC
CCGTGGCCGA
GTCTACTTCA
CCTCAAGAAG
TGAACTACCT
TTCAAGCTCT
GAAGGCCACC
TGGGCGGGAC
GAGCACCCCG
CCGCAAGCGC
TGCGCCATCAC
CTCGTGACCG
GATGACCCCC
CGAAGGGCCT
GAGGCCTACA
CGAGGCCATC
GCCGCACCAA
GCCGGCATYGG
CATCAAGCTG
TCCTCATCGA
CAGGCCCCCT

CCGCATCGCC
TCGACCTCCY
CCGACCTCCA
CCTGGACCGC
ACCCGCGCTT
TTCAAGAAGC
CGCGGAACTC
CCGGGCGCAG

GOCCGOGCAA
GCCGTCTCCT
CGCCTCGGAG
AGGACGAGTT
GACAAGGTGC
COGTCOGGCCAG
CGAAGACCAC
GAGCCCTTCG
CGACAACTTC
GCGGGCTGGG
GACAAGATCG
CAACATCCCC
TCCCGCCCTC
TCGGAGAACG
GCGCCGCGAG
ACTTCGGCTG
AAGCGCGCCT
CGACTCCATC
TCAACAAGGY
GAGGAGATGT
CCCGGAGATG
AGGTCAAGTT
ATCTACACCT
CACGTCCGCC
ACAACAACAC
AACATGGCCA
CACCGCCTAC
CCTCCGTCTA
CGCCTGATCT
CGAGAAGGCC
COTCCGCCAA
TCCTCGGAGC
GGAGGTCATC
GCCCOCAGTA

CRIGINAL

- 287712

CACCCCCGTC
CCATCATCCT
CAGTCCGTGA
CCAGGAGCGC
GCGAGGTCAYT
TCOGGCCTACA
GCGCATCCTC
CCCACGAGAA
GACGACGCCC
CCACACCTCC
ACCGCTTCTC
ACCTCGCAGG
CTTCACCCTC
TGGGCCCGAA
AACATGCTGT
CCTCCAGTTC
TCATCGTCAC
ATCAAGATCC
GGGCCGCGAG
CGTCCTTCAT
TCCTCCGCCA
CGAGGACCTG
TCCCCAAGCT
GGCTCCOGCT
CGGCAACAAG
TCGTGGACGC
TCGGGCATCG
CGCCTCCGAC
TCAAGTACCT
COCOAGAAGA
COCCTTCCTC
ACAACATCCC
AAGTTCAACG
CAAGTACCCC

ATCATCGACG
CTCCAAGACC
TCGTCCTCAA
GGCGCCTACA
CTTCAAGGAC
CCATCGCCGC
ATCCGGCGAGG
GCTCTCGCCe
TCAAGAAGGC
GGCATCTACG
CTCGGCCATG
GCGCCTCCGG
GGCTGCGGCT
GCACCTGCTG
GCTTCCOCCT
GCCCTCAAGG
CGACTCGGAC
TCGAGCACCT
GCCGACCTCA
GCCCGACACC
AGCTGATGTG
GCCATCAAGT
GGGCAAGAAG
CCGAGGTCAC
TACATGCTCG
CGAGCTCATG
ACGCCCTGGT
TACACCAACG
CCCBRAGGCC
TGGCCCACGC
GOCCTCTECC
CTCCAGCATC
CCGTGGACAA
AACACCATCY
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GACTACATCA AGCTGGGCGG GAACACCGAC
CATCAACAAG ATCCACGAGC TCAAGAAGGC
TCAAGGACGC COGCGTGCTG GAGGAGAACT
ATCTCGGAGC TCGCCCTGGA CGACCAGTSC
CCCGCTCACC TCCOAGATCA AGGAGATGTA
AGCCCTGATG ATCAGGCTGA GRACGACCTG
CGGACGCCGC GTCCCCTCGG GGGCGCGGCG
GGGCAAGGCA GGCCTCCTAC A
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FIELD OF THE INVENTION

The present invention relates to a process of bioconverting a biobased substrate
(such as sugarcane juice, hydrolyzed starch, hydrolyzed cellulose or glycerol) into n-
propanol using genetically modified microorganisms combined with a process for
supplying reducing equivalents in the form of NAD(P)H during fermentation. The
biobased n-propanol thus obtained could be dehydrated to propylene and polymerized to
polypropylene to yield a bioplastic.

BACKGROUND OF THE INVENTION

n-Propanol (1-propanol, primary propyl alcohol, propan-1-ol) is a non-hazardous
solvent that is freely miscible with water and other common solvents, with numerous
applications in industry, such as printing inks, coatings, cleaners, adhesives, herbicides,
insecticides, pharmaceuticals, de-icing fluids and as a chemical intermediate for the
production of esters, propylamines, halides and thermoplastic resins. The use of n-
propaﬁol in fuel blends has also been suggested (U.S. Pat. No. 6,129,773), as this alcohol
has the same capacity of ethanol to be used to increase as an antiknock additive and
increase the octane number of gasoline according to Barannik V. P. et al. 2005, Chemistry
and Technology of Fuels and Oils 41(6): 452-455.

n-Propanol is one of the main constituents of “fusel oils” or “potato oils”, which
are the higher-order alcohols by-products of ethanol fermentation by the yeast
Saccharomyces cerevisiae (Hazelwood et al. 2008. The Ehrlich Pathway for Fusel Alcohol
Production: a Century of Research on Saccharomyces cerevisiae Metabolism. Applied and
Environmental Microbiology 74(8): 2259-2266). In the past, n-Propanol was obtained by
fractional distillation of fusel oil, but nowadays it is manufactured from fossil feedstocks
in a two-stage process known as Oxo Process, comprising ethylene hydroformylation at
80-120°C and 2.0 MPa in the presence of cobalt or rhodium carbonyl followed by
hydrogenation of the resulting propionaldehyde on a copper-chromium, nickel-chromium
or porous cobalt catalyst (U.S. Pat. No. 4,263,449 and U.S. Pat. No 5,866,725).

Worldwide interest in organic compounds produced from renewable feedstocks has
increased considerably in recent years, especially for compounds that can be used as fuels
or as bulk chemicals for the petrochemical industry. The latter are particularly interesting,

since these compounds could be fixed in highly durable materials that can be recycled,
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thus effectively mitigating atmospheric CO, (Rincones et al. 2009. The golden bridge for
nature: the new biology applied to bioplastics. Polymer Reviews 49: 85-106). Thus, the
use of the chemical products obtained from renewable feedstocks is becoming increasingly
accepted and widespread as a viable alternative aiming at decreasing our society’s
dependence on fossil carbon sources. Products obtained from green sources can be
certified as to their renewable carbon content according to the methodology described by
the technical norm ASTM D 6866-06: “Standard Test Methods for Determining the
Biobased Content of Natural Range Materials Using Radiocarbon and Isotope Ratio Mass
Spectrometry Analysis”.

The production of short-chain organic solvents (mainly reduced alcohols) through
microorganism fermentation has been extensively studied. The most dramatic example is
the production of ethanol as a commodity chemical, which is a major industrial process
reaching nearly 90 million m3/year and occurring by the fermentation of renewable carbon
sources (mainly cornstarch and sugarcane juice) by the yeast Saccharomyces cerevisiae.
This process is extreinely efficient and has been refined to the point where ethanol
distilled from the fermentation broth is obtained at 90-95% of the theoretical yield. The
ethanol thus produced is used as an industrial solvent, as the main additive for gasoline in
fuel blends and, in Brazil, is used as the sole fuel for small vehicles. Another use of a
biobased ethanol is the manufacture of bio-ethylene to be used as a monomer in the
polyethylene manufacture, through a dehydration reaction as described by Morschbacker
A. L. 2009, Bio-Ethanol Based Ethylene, Journal of Macromolecular Science, Part C:
Polymer Reviews, 49:79-84.

Other well-known examples of solvent production by fermentation are the
Acetone-Butanol-Ethanol (ABE) and the Isopropanol-Butanol-Ethanol (IBE)
fermentations performed by some bacterial species of the genus Clostridium, yielding
more than 35% by weight of the solvent mixture (U.S. Pat. No. 5,192,673). In addition,
fermentation of 2,3-butanediol from carbohydrates by enteric bacteria of the genera
Klebsiella and Enterobacter yields up to 47% by weight (Ji et al., 2009, Bioresource
Technology 100:3410-3414). A recent success is the fermentative production of 1,3
propanediol from glucose in a single microorganism with high yield (35% w/w) and titer
(129 g/L) (U.S. Pat. No. 7,169,588 B2; U.S. Pat. No. 7,067,300 B2; U.S. Pat. No.
5,686,276). The establishment of an industrial process for the production of this low cost
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