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Monómero

R = Hidrógeno Poli(3-hidroxipropionato)
R = Metílo Poli(3-hidroxíbutirato)
R = Etílo Poli(3-Hidrox-ivalerato)
R = Propilo Poli(3-hidroxíexanoato)
R = Pentílo Poli(3-hidroxíoctanoato)
R = Nonílo Poli(3-hidroxídecanoato)

n = 1

Grupos R = a) De 1- 30 átomos de carbono
(saturados o insaturados)
b) aromáticos
c) Halogenados
d) Ramificados

n = 2 R = Hidrógeno Poli(4-hidroxibutirato)

n = 3 R = Hidrógeno Poli(5-hidroxibutirato)
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A.vinelandii
UW136 ral algU mutant strain, Nalr Rifr artínez-Salazar et al., 1996
DS988 36 with a ptsP::Tn5 mutation Segura and Espín, 1998
RN4 36 with a ptsN::Km� mutation This work
RN6 36 with a ptsO::Sp� mutation This work
RN7 with a ptsP::Tc� mutation This work
RN8 with a ptsN::Km� mutation This work
RN9 88 with a ptsO::Sp� This work
DS4 with pDSptsN co-integrated This work
DS6 with pDSptsO co-integrated This work

UW136::pALA8a 36 with pALA8 co-integrated expressing a non-
phorylatable IIANtr

This work

UW136::pALA8b 36 with pALA8 co-integrated expressing a
phorylatable IIANtr

This work

UW136::pALA7 36 with pALA7 co-integrated expressing a
phorylatable IIANtr

This work

. coli
DH5� E44 ∆lacU169 hsdR17 recA1 endA1 gyrA96 thi-1

A1
Hanahan, 1983

mids
pVL72 mid clone with the A. vinelandii rpoN-ptsN-ptsO

n
kdarian and Kennedy, 19

pRN1 escriptKS+, carrying an A. vinelandii 5.4 kb KpnI
ment containing rpoN orf107-ptsN-orf284-ptsO

This work

pRN2 1 derivative, carrying a 3.8 kb fragment containin
N-orf284-ptsO

This work

pRN3 escriptKS+ carrying a 488 bp fragment containing
N

This work

pRN4 2 derivative carrying a ptsN::Kmr This work
pRN6 O derivative carrying a ptsO::Spr mutation This work
pRNO OSBlue carrying a 273 bp fragment containing ptsO This work

pBSL99 ce of the kanamycin resistance cassette Alexeyev et al., 1995
pHP45Ω-Sp ce of the spectinomycin resistance cassette Fellay et al., 1987

pDS20A 19 carrying a ptsP::Tcr mutation Segura and Espín, 1998
pBlueScriptKS mid used for subcloning DNA; unable to replicate 

vinelandii
Stratagene

pMOSBlue mid for cloning PCR products Amersham
pET24a ing and expression vector; Kmr Novagen
pALA7 24a containing ptsN This work
pALA8 24a containing ptsN with a H68A mutation This work

pDSptsO O containing a kanamycin cassette This work
pDSptsN 3 containing a spectinomycin cassette This work
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"��� #�� $�%�������5’ to 3’)
w -time PCR of rho AAATGGCCGAACAGATGG

Rev A synthesis,  real-time PCR of rho TTCCTCGCCGCTTTTCG
AFw -time PCR of gyrA GCAAGGGCAAGGTCTA
ARev A synthesis, real-time PCR of gyrA TCCAGCGGCAACAGGT
BFw -time PCR of phbB GCAATCCAAACGCAAAG
BRev A synthesis, real-time PCR of phbB CTCTCCCAATCGGTTAC
RFw -time PCR of phbR CATGCGTTTGGTTTCTTG
RRev A synthesis,  real-time PCR of phbR GCCCTAAGCGTCTCCTC
Fwd O gene amplification for pRNO plasmid

truction
GATCCATGCCCGCCTGCGAAGT

Rev O gene amplification for pRNO plasmid
truction

GATCCAGCGTCATTCGTCTTCGTCG

Fw N gene amplification for pRN3 plasmid
truction

AATTCATGATCAGACTCGAAGACATTC

Rev N gene amplification for pRN3 plasmid
truction

ATCCGGTGGAAACTTTACAGGCTCT

up1 aprimer mutagenesis; construction of pALA7
pALA8 plasmids

TTCATATGATCAGACTCGAAGACAT

low2 aprimer mutagenesis; construction of pALA7
pALA8 plasmids

AACTCGAGCAGGCTCTTCTGTGC

-H/A tagenic primer for megaprimer mutagenesis;
truction of pALA8 plasmid

GCAGGCGGCACGCAGGAATGGCCATG

BS1F bB S1 mapping GCCCATAGGCCTTGAGC
BS1R bB S1 mapping TGCTGTCCCGATTCCGC

a
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RN6 (ptsO,   ); and RN4 (ptsN,   ) mutant strains relative to those of the wild type (   ). These data
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GAATTCGACTATGAAACGCTCCACAGAATGGGATAGACCAGTCAAATTCCGTTATAATCAGGCATAGAATTTGCTTTAAGAGGGCGCATC  90

GTCGCCTCGTAGTGATTGACGCGAATGCTTCGGCAAATATGGTGCTTCCTACAATATGAAACCATCGCTAGTCCTTAAGATGGGGCAGCA  180
M  K  P S  L  V  L  K  M  G  Q  Q

GCTGACGATGACCCCGCAGCTGCAACAAGCCATCCGTCTGCTTCAACTGTCGACCCTGGATCTGCAGCAGGAAATCCAGGAGGCCCTCGA  270
L  T  M  T  P  Q  L  Q Q  A  I  R  L  L  Q  L  S  T  L  D  L  Q  Q  E  I  Q  E  A  L  D

CTCCAATCCCATGCTGGAACGTCAGGAGGACGCCGAGGACTACGACAGCCCGGATATGCTGGGCGAGCATGGAGACCAGTCGACGCTCGA  360
S  N  P  M  L  E  R  Q  E  D  A  E  D  Y  D  S  P  D  M  L  G E  H  G  D  Q  S  T  L  D

CACCACGCCCGGCTCTTACCAGGAAGGCTACGAGAGCGGGGCGGCCAGCGAGGATGGCGGTACCCTCGAAGAGGGCGACTGGCACGAGCG  450
T  T  P  G  S  Y  Q  E  G  Y  E  S  G  A  A  S  E  D  G  G  T L  E  E  G  D  W  H E  R

GATTCCCAGCGAGCTGCCGGTGGATACCGCCTGGGAAGACATCTACCAGACCAGTGCCAGCAACCTGCCGAGCACCGATGAAGACGAGTG  540
I  P  S  E  L  P  V  D  T  A  W  E  D  I  Y  Q  T  S  A  S  N  L P  S  T  D  E  D  E  W

GGACTTCACCACCCGCACCTCCACGGGCGAGAGCCTGCAGAGCCATCTGCTCTGGCAGTTGAACCTGACCCCGATGTCGGATACCGATCG  630
D  F  T  T  R  T  S  T  G  E  S  L  Q  S  H  L  L  W  Q  L  N  L T  P  M  S  D  T  D  R

CCTGATCGCCGTCACTCTGATCGACAGCATCAACAGCGACGGCTATCTGGAGGCCGCCCTGGAGGAAATCCTCGCCTCTCTGGACCCGGA  720
L  I  A  V  T  L  I  D  S  I  N  S  D  G  Y  L  E  A  A  L  E E  I  L  A  S  L  D  P  E

ACTGGGAGTCGAACTCGACGAAGTGGAAATGGTGCTGCGCCGCATCCAGCAATTCGAACCGGCCGGGATCGCTGCCCGCGACCTCAGCGA  810
L  G  V  E  L  D  E  V  E  M  V  L  R  R  I  Q  Q  F  E  P  A G  I  A  A  R  D  L  S  E

ATCGCTGCTGCTGCAACTGCGCCAGCTACCGCCCGATACCCCCTGGCTGGAAGAGGCGAAACGACTGGCCAAGGACTATCTCGACCTGCT  900
S  L  L  L  Q  L  R  Q  L  P  P  D  T  P  W  L  E  E  A  K  R L  A  K  D  Y  L  D L  L

GGGTAACCGCGACTTCACCCAGTTGATGCGACGCATGAAACTCAAGGAAGAAGAATTGCGTCCGGTGATCGAGCTGATCCAGAGCCTCAA  990
G  N  R  D  F  T  Q  L  M  R  R  M  K  L  K  E  E  E  L  R  P V  I  E  L  I  Q  S  L  N

CCCTCGTCCCGGGGCCCAGATCGAGAGCAGCGAGCCCGAATATGTCGTGCCTGACGTCATCGTGCGCAAGCACAACGACCGCTGGCTGGT  1080
P  R  P  G  A  Q  I  E  S  S  E  P  E  Y  V  V  P  D  V  I  V R  K  H  N  D  R  W  L  V

GGAGCTCAATCAGGAGGCGGTGCCGCGCCTGCGCATCAACCCGCATTACGCTGGCTTCATCAGACGCGCCGACGCCAGCGCCGACAACAC  1170
E  L  N  Q  E  A  V  P  R  L  R  I  N  P  H  Y  A  G  F  I  R R  A  D  A  S  A  D  N  T

CTTCATGCGCAACCAACTGCAGGAGGCGCGCTGGTTCATCAAGAGCCTGCAAAGTCGCAACGAAACCCTGATGAAGGTTTCGACCCAAAT  1260
F  M  R  N  Q  L  Q  E  A  R  W  F  I  K  S  L  Q  S  R  N  E T  L  M  K  V  S  T  Q  I

CGTCGAGCACCAGCGCGGCTTTCTCGACTACGGCGAAGAGGCCATGAAACCGCTGGTGCTGCACGATATCGCCGAGGCTGTCGGCATGCA  1350
V  E  H  Q  R  G  F  L  D  Y  G  E  E  A  M  K  P  L  V  L  H D  I  A  E  A  V  G M  H

CGAATCGACCATCTCCAGGGTCACCACCCAGAAATACATGCACACTCCACGCGGTATTTACGAGCTGAAGTACTTCTTTTCCAGTCACGT  1440
E  S  T  I  S  R  V  T  T  Q  K  Y  M  H  T  P  R  G  I  Y  E L  K  Y  F  F  S  S  H  V

CAGTACCGCCGAAGGCGGTGAGTGCTCGTCCACGGCCATCCGCGCCATCATCAAGAAATTGATTGCGGCGGAAAATCCGAAAAAGCCATT  1530
S  T  A  E  G  G  E  C  S  S  T  A  I  R  A  I  I  K  K  L  I A  A  E  N  P  K  K  P  L

GAGCGACAGCAAGATCGCTGGTTTACTGGAAGAACAAGGCATACAGGTGGCTCGCCGTACAGTTGCCAAATACCGGGAATCGCTCAGTAT  1620
S  D  S  K  I  A  G  L  L  E  E  Q  G  I  Q  V  A  R  R  T  V A  K  Y  R  E  S  L  S  I

TGCGCCTTCCAGCGAACGCAAGCGGCTTATGTAA CGGGATCGGGTGTGCCCATTGCGCTGGCAGCAACCGCCCCGGCGCCTCACTCGAAG  1710
A  P  S  S  E  R  K  R  L  M

CAGCGTATACCGGTAGCAGGCCCGTCAGCCTGCATCAAATAGAAACAAGGAGAAGCGGTATGCAAGTCAACATCAGTGGACATCAACTGG  1800
M  Q V  N  I  S  G  H  Q  L  D

ATGTGACCGACGCCCTGCGCGACTATGTCGAGGAGAAGATCAGCCGGCTCGAACGCCATTTCGACCGCATCACCAGTGTCCAGGTGATCA  1890
V  T  D  A  L  R  D  Y  V  E  E  K  I  S  R  L  E  R  H  F  D R  I  T  S  V  Q  V  I  M

TGACGGTCGAGAAGCTCAAGCAAAAGATCGAAGCGACCCTGCATGTCTCCGGCGCCGAAGTGGTCGCCAATGCCGAGCACGAAGACATGT  1980
T  V  E  K  L  K  Q  K  I  E  A  T  L  H  V  S  G  A  E  V  V A  N  A  E  H  E  D  M  Y

ATGCGGCCATCGATCTGCTGGCCGACAAGCTTGATCGCCAACTGATCAAGCACAAGGAAAAGCAGATCGAACGCCAGCAGGGCG CAACGG  2070
A  A  I  D  L  L  A  D  K  L  D  R  Q  L  I  K  H  K  E  K  Q I  E  R  Q  Q  G A T A

CCCGCTGACTCTCCTGTCCCATGATCAGACTCGAAGACATTCTGACCCCCGGCCGTTCCCTGGTGAACGTGCCGGGAGGAAGCAAGAAAC  2160
R

M  I  R  L  E  D  I  L  T  P  G  R  S  L  V  N  V  P  G  G  S  K K  R
GCGCTCTCGAATACATAGCCAATCTGGTCGCCCGCGAAATGCCCGATCTGAATCAGCAGACGATTTTCGAGAACCTGATTGCCCGTGAAA  2250

A  L  E  Y  I  A  N  L  V  A  R  E  M  P  D  L  N  Q  Q  T  I F  E  N  L  I  A  R  E  K
AACTGGGCTCGACCGGTTTCGGTAACGGCATCGCCATTCCTCATTGCCGCCTGCCCGGCTGTCCTGCCCCGATCAGTGTCCTGCTGCGGC  2340

L  G  S  T  G  F  G  N  G  I  A  I  P  H  C  R  L  P  G  C  P  A P  I  S  V  L  L  R  L
TGGATGCGCCGATCGACTTCGATGCCATCGATGGCGCTCCGGTAGACCTTCTGTTCGTTCTGCTGGTGCCGGAAGCCGCCACCGACGAGC  2430

D  A  P  I  D  F  D  A  I  D  G  A  P  V  D  L  L  F  V  L  L  V P  E  A  A  T  D  E  H
ATTTGCAATTGCTTCGCCAGATTGCCAGCATGCTCGATCGTAGCGAGGTGCGCGAGCGCCTGCGCCAGGTCGAGAGCAGCGAGGCCCTTT  2520

L  Q  L  L  R  Q  I  A  S  M  L  D  R  S  E  V  R  E  R  L  R Q  V  E  S  S  E  A  L  Y
ACCAGGTGGTCGCGGACGCACAGAAGAGCCTGTA AAGTTTCCACCGGAATGCGGAGGTTCGTCGGCCGTGAACGAGCAAATTGGCAACCC  2610

Q  V  V  A  D  A  Q  K  S  L
AGCTTTCGGCATTCATGCCTGACGACGGAAAGCTCTCATCATGCTCGTGATCATCGTCAGTGGCCGCTCTGGCTCCGGTAAAAGCACCGC  2700

M  L  V  I  I  V  S  G  R  S  G  S  G  K  S  T  A
CCTCAACGTGCTGGAAGACAACGGCTTCTTCTGCATCGACAACCTGCCGGCGGTCCTGCTTCCCGAGCTGGCCGAGCGGGCGCTGTTGCA  2790
L  N  V  L  E  D  N  G  F  F  C  I  D  N  L  P  A  V  L  L  P  E L  A  E  R  A  L  L  H

TACCGAACTGCTCGAGCCACAGGTCGCCGTATCCATCGACGCACGCAACCTGCCCAGCCAGTTGAAACGCTTCCCCGAACTGCTCGCCGA  2880
T  E  L  L  E  P  Q  V  A  V  S  I  D  A  R  N  L  P  S  Q  L  K R  F  P  E  L  L  A  E

AGTGCGCACCCGTTATATTCTCTGCGACCTGCTCTACCTGGATGCCGACGACAAAACCCTGCTCAAGCGCTTCTCGGAAACCCGCCGGCG  2970
V  R  T  R  Y  I  L  C  D  L  L  Y  L  D  A  D  D  K  T  L  L  K R  F  S  E  T  R  R  R

CCACCCGCTGACCAATGAGAATCGCTCGCTGGCCGAAGCGATCCGCGACGAAGGCCGTTTGCTCACACCGATCAAGGATCTGGCCGATCT  3060
H  P  L  T  N  E  N  R  S  L  A  E  A  I  R  D  E  G  R  L  L  T P  I  K  D  L  A  D  L

GAAGATCGACACGACCCATCTCAATCTTTACCAGTTGCGCGACACGCTCAAGCTGCGTCTGCTGAACAAGCCGGAACCGGGAACGGCCTT  3150
K  I  D  T  T  H  L  N  L  Y  Q  L  R  D  T  L  K  L  R  L  L  N K  P  E  P  G  T  A  F

TCTGATCGAATCCTTCGGTTTCAAGAAGGGAATGCCGGTGGATGCGGATCTGGTATTCGATGTGCGCTGTCTGCCCAACCCCTACTGGAA  3240
L  I  E  S  F  G  F  K  K  G  M  P  V  D  A  D  L  V  F  D  V  R C  L  P  N  P  Y  W  K

ACCGGATCTGCGCGACTTTTCCGGCCTGGACCAACCGGTCGCCGACTACCTCGCCGTCCAGCCGGACGTCGAAGAGATGTATCAGGACAT 3330
P  D  L  R  D  F  S  G  L  D  Q  P  V  A  D  Y  L  A  V  Q  P  D V  E  E  M  Y  Q  D  I

CCTGACCTATTTGCAGAAATGGCTGCCCCGCTTCGCCGCCAGCAACCGCGCTTATGTCACCATCGCGATCGGATGCACCGGCGGCCACCA  3420
L  T  Y  L  Q  K  W  L  P  R  F  A  A  S  N  R  A  Y  V  T  I  A I  G  C  T  G  G  H  H

CCGTTCGGTCTACCTGGCCGATCGGCTCGGCCAAGCCTTGAAGCAGTCACTCAAGAACGTTCAGGTTCGCCACCGCGACCTTTGCTGACG  3510
R  S  V  Y  L  A  D  R  L  G  Q  A  L  K  Q  S  L  K  N  V  Q  V R  H  R  D  L  C

CTGAAGGATGGATAACGCGATGCCCGCCTGCGAAGTCACCATCATCAACAAGCTCGGGCTGCATGCCCGGGCAGCCGCCAAGTTCGTCGG  3600
M  P  A  C  E  V  T  I  I  N  K  L  G  L  H  A  R  A  A  A  K  F V  G

CATCGCCGGACGCTATGCCTGCGCGGTACGCATCGGCCGCGCTCCGGAGAATCTGGTCGATGGCAAGAGCATCATGGCGGTCATGATGCT  3690
I  A  G  R  Y  A  C  A  V  R  I  G  R  A  P  E  N  L  V  D  G  K S  I  M  A  V  M  M  L

GGCTGCCGGCAAAGGAACGGTCATTCACCTGCATACGGAAGGCGAGCAAGACAGGGAGGCGCTGGAGGCCTTGGTCCAACTGATCAACAA  3780
A  A  G  K  G  T  V  I  H  L  H  T  E  G  E  Q  D  R  E  A  L  E A  L  V  Q  L  I  N  N

TCGCTTCGACGAAGACGAATGACGCTGCCCCACTACCGCCGGGAGCCCCGACGGTAGCCATTCGGCTCGGCGCCACCCCGCTCAGCTTCC  3870
R  F  D  E  D  E

��	



��
��

��	�


����


����

GAATTCGACTATGAAACGCTCCACAGAATGGGATAGACCAGTCAAATTCCGTTATAATCAGGCATAGAATTTGCTTTAAGAGGGCGCATC  90

GTCGCCTCGTAGTGATTGACGCGAATGCTTCGGCAAATATGGTGCTTCCTACAATATGAAACCATCGCTAGTCCTTAAGATGGGGCAGCA  180
M  K  P S  L  V  L  K  M  G  Q  Q

GCTGACGATGACCCCGCAGCTGCAACAAGCCATCCGTCTGCTTCAACTGTCGACCCTGGATCTGCAGCAGGAAATCCAGGAGGCCCTCGA  270
L  T  M  T  P  Q  L  Q Q  A  I  R  L  L  Q  L  S  T  L  D  L  Q  Q  E  I  Q  E  A  L  D

CTCCAATCCCATGCTGGAACGTCAGGAGGACGCCGAGGACTACGACAGCCCGGATATGCTGGGCGAGCATGGAGACCAGTCGACGCTCGA  360
S  N  P  M  L  E  R  Q  E  D  A  E  D  Y  D  S  P  D  M  L  G E  H  G  D  Q  S  T  L  D

CACCACGCCCGGCTCTTACCAGGAAGGCTACGAGAGCGGGGCGGCCAGCGAGGATGGCGGTACCCTCGAAGAGGGCGACTGGCACGAGCG  450
T  T  P  G  S  Y  Q  E  G  Y  E  S  G  A  A  S  E  D  G  G  T L  E  E  G  D  W  H E  R

GATTCCCAGCGAGCTGCCGGTGGATACCGCCTGGGAAGACATCTACCAGACCAGTGCCAGCAACCTGCCGAGCACCGATGAAGACGAGTG  540
I  P  S  E  L  P  V  D  T  A  W  E  D  I  Y  Q  T  S  A  S  N  L P  S  T  D  E  D  E  W

GGACTTCACCACCCGCACCTCCACGGGCGAGAGCCTGCAGAGCCATCTGCTCTGGCAGTTGAACCTGACCCCGATGTCGGATACCGATCG  630
D  F  T  T  R  T  S  T  G  E  S  L  Q  S  H  L  L  W  Q  L  N  L T  P  M  S  D  T  D  R

CCTGATCGCCGTCACTCTGATCGACAGCATCAACAGCGACGGCTATCTGGAGGCCGCCCTGGAGGAAATCCTCGCCTCTCTGGACCCGGA  720
L  I  A  V  T  L  I  D  S  I  N  S  D  G  Y  L  E  A  A  L  E E  I  L  A  S  L  D  P  E

ACTGGGAGTCGAACTCGACGAAGTGGAAATGGTGCTGCGCCGCATCCAGCAATTCGAACCGGCCGGGATCGCTGCCCGCGACCTCAGCGA  810
L  G  V  E  L  D  E  V  E  M  V  L  R  R  I  Q  Q  F  E  P  A G  I  A  A  R  D  L  S  E

ATCGCTGCTGCTGCAACTGCGCCAGCTACCGCCCGATACCCCCTGGCTGGAAGAGGCGAAACGACTGGCCAAGGACTATCTCGACCTGCT  900
S  L  L  L  Q  L  R  Q  L  P  P  D  T  P  W  L  E  E  A  K  R L  A  K  D  Y  L  D L  L

GGGTAACCGCGACTTCACCCAGTTGATGCGACGCATGAAACTCAAGGAAGAAGAATTGCGTCCGGTGATCGAGCTGATCCAGAGCCTCAA  990
G  N  R  D  F  T  Q  L  M  R  R  M  K  L  K  E  E  E  L  R  P V  I  E  L  I  Q  S  L  N

CCCTCGTCCCGGGGCCCAGATCGAGAGCAGCGAGCCCGAATATGTCGTGCCTGACGTCATCGTGCGCAAGCACAACGACCGCTGGCTGGT  1080
P  R  P  G  A  Q  I  E  S  S  E  P  E  Y  V  V  P  D  V  I  V R  K  H  N  D  R  W  L  V

GGAGCTCAATCAGGAGGCGGTGCCGCGCCTGCGCATCAACCCGCATTACGCTGGCTTCATCAGACGCGCCGACGCCAGCGCCGACAACAC  1170
E  L  N  Q  E  A  V  P  R  L  R  I  N  P  H  Y  A  G  F  I  R R  A  D  A  S  A  D  N  T

CTTCATGCGCAACCAACTGCAGGAGGCGCGCTGGTTCATCAAGAGCCTGCAAAGTCGCAACGAAACCCTGATGAAGGTTTCGACCCAAAT  1260
F  M  R  N  Q  L  Q  E  A  R  W  F  I  K  S  L  Q  S  R  N  E T  L  M  K  V  S  T  Q  I

CGTCGAGCACCAGCGCGGCTTTCTCGACTACGGCGAAGAGGCCATGAAACCGCTGGTGCTGCACGATATCGCCGAGGCTGTCGGCATGCA  1350
V  E  H  Q  R  G  F  L  D  Y  G  E  E  A  M  K  P  L  V  L  H D  I  A  E  A  V  G M  H

CGAATCGACCATCTCCAGGGTCACCACCCAGAAATACATGCACACTCCACGCGGTATTTACGAGCTGAAGTACTTCTTTTCCAGTCACGT  1440
E  S  T  I  S  R  V  T  T  Q  K  Y  M  H  T  P  R  G  I  Y  E L  K  Y  F  F  S  S  H  V

CAGTACCGCCGAAGGCGGTGAGTGCTCGTCCACGGCCATCCGCGCCATCATCAAGAAATTGATTGCGGCGGAAAATCCGAAAAAGCCATT  1530
S  T  A  E  G  G  E  C  S  S  T  A  I  R  A  I  I  K  K  L  I A  A  E  N  P  K  K  P  L

GAGCGACAGCAAGATCGCTGGTTTACTGGAAGAACAAGGCATACAGGTGGCTCGCCGTACAGTTGCCAAATACCGGGAATCGCTCAGTAT  1620
S  D  S  K  I  A  G  L  L  E  E  Q  G  I  Q  V  A  R  R  T  V A  K  Y  R  E  S  L  S  I

TGCGCCTTCCAGCGAACGCAAGCGGCTTATGTAA CGGGATCGGGTGTGCCCATTGCGCTGGCAGCAACCGCCCCGGCGCCTCACTCGAAG  1710
A  P  S  S  E  R  K  R  L  M

CAGCGTATACCGGTAGCAGGCCCGTCAGCCTGCATCAAATAGAAACAAGGAGAAGCGGTATGCAAGTCAACATCAGTGGACATCAACTGG  1800
M  Q V  N  I  S  G  H  Q  L  D

ATGTGACCGACGCCCTGCGCGACTATGTCGAGGAGAAGATCAGCCGGCTCGAACGCCATTTCGACCGCATCACCAGTGTCCAGGTGATCA  1890
V  T  D  A  L  R  D  Y  V  E  E  K  I  S  R  L  E  R  H  F  D R  I  T  S  V  Q  V  I  M

TGACGGTCGAGAAGCTCAAGCAAAAGATCGAAGCGACCCTGCATGTCTCCGGCGCCGAAGTGGTCGCCAATGCCGAGCACGAAGACATGT  1980
T  V  E  K  L  K  Q  K  I  E  A  T  L  H  V  S  G  A  E  V  V A  N  A  E  H  E  D  M  Y

ATGCGGCCATCGATCTGCTGGCCGACAAGCTTGATCGCCAACTGATCAAGCACAAGGAAAAGCAGATCGAACGCCAGCAGGGCG CAACGG  2070
A  A  I  D  L  L  A  D  K  L  D  R  Q  L  I  K  H  K  E  K  Q I  E  R  Q  Q  G A T A

CCCGCTGACTCTCCTGTCCCATGATCAGACTCGAAGACATTCTGACCCCCGGCCGTTCCCTGGTGAACGTGCCGGGAGGAAGCAAGAAAC  2160
R

M  I  R  L  E  D  I  L  T  P  G  R  S  L  V  N  V  P  G  G  S  K K  R
GCGCTCTCGAATACATAGCCAATCTGGTCGCCCGCGAAATGCCCGATCTGAATCAGCAGACGATTTTCGAGAACCTGATTGCCCGTGAAA  2250

A  L  E  Y  I  A  N  L  V  A  R  E  M  P  D  L  N  Q  Q  T  I F  E  N  L  I  A  R  E  K
AACTGGGCTCGACCGGTTTCGGTAACGGCATCGCCATTCCTCATTGCCGCCTGCCCGGCTGTCCTGCCCCGATCAGTGTCCTGCTGCGGC  2340

L  G  S  T  G  F  G  N  G  I  A  I  P  H  C  R  L  P  G  C  P  A P  I  S  V  L  L  R  L
TGGATGCGCCGATCGACTTCGATGCCATCGATGGCGCTCCGGTAGACCTTCTGTTCGTTCTGCTGGTGCCGGAAGCCGCCACCGACGAGC  2430

D  A  P  I  D  F  D  A  I  D  G  A  P  V  D  L  L  F  V  L  L  V P  E  A  A  T  D  E  H
ATTTGCAATTGCTTCGCCAGATTGCCAGCATGCTCGATCGTAGCGAGGTGCGCGAGCGCCTGCGCCAGGTCGAGAGCAGCGAGGCCCTTT  2520

L  Q  L  L  R  Q  I  A  S  M  L  D  R  S  E  V  R  E  R  L  R Q  V  E  S  S  E  A  L  Y
ACCAGGTGGTCGCGGACGCACAGAAGAGCCTGTA AAGTTTCCACCGGAATGCGGAGGTTCGTCGGCCGTGAACGAGCAAATTGGCAACCC  2610

Q  V  V  A  D  A  Q  K  S  L
AGCTTTCGGCATTCATGCCTGACGACGGAAAGCTCTCATCATGCTCGTGATCATCGTCAGTGGCCGCTCTGGCTCCGGTAAAAGCACCGC  2700

M  L  V  I  I  V  S  G  R  S  G  S  G  K  S  T  A
CCTCAACGTGCTGGAAGACAACGGCTTCTTCTGCATCGACAACCTGCCGGCGGTCCTGCTTCCCGAGCTGGCCGAGCGGGCGCTGTTGCA  2790
L  N  V  L  E  D  N  G  F  F  C  I  D  N  L  P  A  V  L  L  P  E L  A  E  R  A  L  L  H

TACCGAACTGCTCGAGCCACAGGTCGCCGTATCCATCGACGCACGCAACCTGCCCAGCCAGTTGAAACGCTTCCCCGAACTGCTCGCCGA  2880
T  E  L  L  E  P  Q  V  A  V  S  I  D  A  R  N  L  P  S  Q  L  K R  F  P  E  L  L  A  E

AGTGCGCACCCGTTATATTCTCTGCGACCTGCTCTACCTGGATGCCGACGACAAAACCCTGCTCAAGCGCTTCTCGGAAACCCGCCGGCG  2970
V  R  T  R  Y  I  L  C  D  L  L  Y  L  D  A  D  D  K  T  L  L  K R  F  S  E  T  R  R  R

CCACCCGCTGACCAATGAGAATCGCTCGCTGGCCGAAGCGATCCGCGACGAAGGCCGTTTGCTCACACCGATCAAGGATCTGGCCGATCT  3060
H  P  L  T  N  E  N  R  S  L  A  E  A  I  R  D  E  G  R  L  L  T P  I  K  D  L  A  D  L

GAAGATCGACACGACCCATCTCAATCTTTACCAGTTGCGCGACACGCTCAAGCTGCGTCTGCTGAACAAGCCGGAACCGGGAACGGCCTT  3150
K  I  D  T  T  H  L  N  L  Y  Q  L  R  D  T  L  K  L  R  L  L  N K  P  E  P  G  T  A  F

TCTGATCGAATCCTTCGGTTTCAAGAAGGGAATGCCGGTGGATGCGGATCTGGTATTCGATGTGCGCTGTCTGCCCAACCCCTACTGGAA  3240
L  I  E  S  F  G  F  K  K  G  M  P  V  D  A  D  L  V  F  D  V  R C  L  P  N  P  Y  W  K

ACCGGATCTGCGCGACTTTTCCGGCCTGGACCAACCGGTCGCCGACTACCTCGCCGTCCAGCCGGACGTCGAAGAGATGTATCAGGACAT 3330
P  D  L  R  D  F  S  G  L  D  Q  P  V  A  D  Y  L  A  V  Q  P  D V  E  E  M  Y  Q  D  I

CCTGACCTATTTGCAGAAATGGCTGCCCCGCTTCGCCGCCAGCAACCGCGCTTATGTCACCATCGCGATCGGATGCACCGGCGGCCACCA  3420
L  T  Y  L  Q  K  W  L  P  R  F  A  A  S  N  R  A  Y  V  T  I  A I  G  C  T  G  G  H  H

CCGTTCGGTCTACCTGGCCGATCGGCTCGGCCAAGCCTTGAAGCAGTCACTCAAGAACGTTCAGGTTCGCCACCGCGACCTTTGCTGACG  3510
R  S  V  Y  L  A  D  R  L  G  Q  A  L  K  Q  S  L  K  N  V  Q  V R  H  R  D  L  C

CTGAAGGATGGATAACGCGATGCCCGCCTGCGAAGTCACCATCATCAACAAGCTCGGGCTGCATGCCCGGGCAGCCGCCAAGTTCGTCGG  3600
M  P  A  C  E  V  T  I  I  N  K  L  G  L  H  A  R  A  A  A  K  F V  G

CATCGCCGGACGCTATGCCTGCGCGGTACGCATCGGCCGCGCTCCGGAGAATCTGGTCGATGGCAAGAGCATCATGGCGGTCATGATGCT  3690
I  A  G  R  Y  A  C  A  V  R  I  G  R  A  P  E  N  L  V  D  G  K S  I  M  A  V  M  M  L

GGCTGCCGGCAAAGGAACGGTCATTCACCTGCATACGGAAGGCGAGCAAGACAGGGAGGCGCTGGAGGCCTTGGTCCAACTGATCAACAA  3780
A  A  G  K  G  T  V  I  H  L  H  T  E  G  E  Q  D  R  E  A  L  E A  L  V  Q  L  I  N  N

TCGCTTCGACGAAGACGAATGACGCTGCCCCACTACCGCCGGGAGCCCCGACGGTAGCCATTCGGCTCGGCGCCACCCCGCTCAGCTTCC  3870
R  F  D  E  D  E

GAATTCGACTATGAAACGCTCCACAGAATGGGATAGACCAGTCAAATTCCGTTATAATCAGGCATAGAATTTGCTTTAAGAGGGCGCATC  90

GTCGCCTCGTAGTGATTGACGCGAATGCTTCGGCAAATATGGTGCTTCCTACAATATGAAACCATCGCTAGTCCTTAAGATGGGGCAGCA  180
M  K  P S  L  V  L  K  M  G  Q  Q

GCTGACGATGACCCCGCAGCTGCAACAAGCCATCCGTCTGCTTCAACTGTCGACCCTGGATCTGCAGCAGGAAATCCAGGAGGCCCTCGA  270
L  T  M  T  P  Q  L  Q Q  A  I  R  L  L  Q  L  S  T  L  D  L  Q  Q  E  I  Q  E  A  L  D

CTCCAATCCCATGCTGGAACGTCAGGAGGACGCCGAGGACTACGACAGCCCGGATATGCTGGGCGAGCATGGAGACCAGTCGACGCTCGA  360
S  N  P  M  L  E  R  Q  E  D  A  E  D  Y  D  S  P  D  M  L  G E  H  G  D  Q  S  T  L  D

CACCACGCCCGGCTCTTACCAGGAAGGCTACGAGAGCGGGGCGGCCAGCGAGGATGGCGGTACCCTCGAAGAGGGCGACTGGCACGAGCG  450
T  T  P  G  S  Y  Q  E  G  Y  E  S  G  A  A  S  E  D  G  G  T L  E  E  G  D  W  H E  R

GATTCCCAGCGAGCTGCCGGTGGATACCGCCTGGGAAGACATCTACCAGACCAGTGCCAGCAACCTGCCGAGCACCGATGAAGACGAGTG  540
I  P  S  E  L  P  V  D  T  A  W  E  D  I  Y  Q  T  S  A  S  N  L P  S  T  D  E  D  E  W

GGACTTCACCACCCGCACCTCCACGGGCGAGAGCCTGCAGAGCCATCTGCTCTGGCAGTTGAACCTGACCCCGATGTCGGATACCGATCG  630
D  F  T  T  R  T  S  T  G  E  S  L  Q  S  H  L  L  W  Q  L  N  L T  P  M  S  D  T  D  R

CCTGATCGCCGTCACTCTGATCGACAGCATCAACAGCGACGGCTATCTGGAGGCCGCCCTGGAGGAAATCCTCGCCTCTCTGGACCCGGA  720
L  I  A  V  T  L  I  D  S  I  N  S  D  G  Y  L  E  A  A  L  E E  I  L  A  S  L  D  P  E

ACTGGGAGTCGAACTCGACGAAGTGGAAATGGTGCTGCGCCGCATCCAGCAATTCGAACCGGCCGGGATCGCTGCCCGCGACCTCAGCGA  810
L  G  V  E  L  D  E  V  E  M  V  L  R  R  I  Q  Q  F  E  P  A G  I  A  A  R  D  L  S  E

ATCGCTGCTGCTGCAACTGCGCCAGCTACCGCCCGATACCCCCTGGCTGGAAGAGGCGAAACGACTGGCCAAGGACTATCTCGACCTGCT  900
S  L  L  L  Q  L  R  Q  L  P  P  D  T  P  W  L  E  E  A  K  R L  A  K  D  Y  L  D L  L

GGGTAACCGCGACTTCACCCAGTTGATGCGACGCATGAAACTCAAGGAAGAAGAATTGCGTCCGGTGATCGAGCTGATCCAGAGCCTCAA  990
G  N  R  D  F  T  Q  L  M  R  R  M  K  L  K  E  E  E  L  R  P V  I  E  L  I  Q  S  L  N

CCCTCGTCCCGGGGCCCAGATCGAGAGCAGCGAGCCCGAATATGTCGTGCCTGACGTCATCGTGCGCAAGCACAACGACCGCTGGCTGGT  1080
P  R  P  G  A  Q  I  E  S  S  E  P  E  Y  V  V  P  D  V  I  V R  K  H  N  D  R  W  L  V

GGAGCTCAATCAGGAGGCGGTGCCGCGCCTGCGCATCAACCCGCATTACGCTGGCTTCATCAGACGCGCCGACGCCAGCGCCGACAACAC  1170
E  L  N  Q  E  A  V  P  R  L  R  I  N  P  H  Y  A  G  F  I  R R  A  D  A  S  A  D  N  T

CTTCATGCGCAACCAACTGCAGGAGGCGCGCTGGTTCATCAAGAGCCTGCAAAGTCGCAACGAAACCCTGATGAAGGTTTCGACCCAAAT  1260
F  M  R  N  Q  L  Q  E  A  R  W  F  I  K  S  L  Q  S  R  N  E T  L  M  K  V  S  T  Q  I

CGTCGAGCACCAGCGCGGCTTTCTCGACTACGGCGAAGAGGCCATGAAACCGCTGGTGCTGCACGATATCGCCGAGGCTGTCGGCATGCA  1350
V  E  H  Q  R  G  F  L  D  Y  G  E  E  A  M  K  P  L  V  L  H D  I  A  E  A  V  G M  H

CGAATCGACCATCTCCAGGGTCACCACCCAGAAATACATGCACACTCCACGCGGTATTTACGAGCTGAAGTACTTCTTTTCCAGTCACGT  1440
E  S  T  I  S  R  V  T  T  Q  K  Y  M  H  T  P  R  G  I  Y  E L  K  Y  F  F  S  S  H  V

CAGTACCGCCGAAGGCGGTGAGTGCTCGTCCACGGCCATCCGCGCCATCATCAAGAAATTGATTGCGGCGGAAAATCCGAAAAAGCCATT  1530
S  T  A  E  G  G  E  C  S  S  T  A  I  R  A  I  I  K  K  L  I A  A  E  N  P  K  K  P  L

GAGCGACAGCAAGATCGCTGGTTTACTGGAAGAACAAGGCATACAGGTGGCTCGCCGTACAGTTGCCAAATACCGGGAATCGCTCAGTAT  1620
S  D  S  K  I  A  G  L  L  E  E  Q  G  I  Q  V  A  R  R  T  V A  K  Y  R  E  S  L  S  I

TGCGCCTTCCAGCGAACGCAAGCGGCTTATGTAA CGGGATCGGGTGTGCCCATTGCGCTGGCAGCAACCGCCCCGGCGCCTCACTCGAAG  1710
A  P  S  S  E  R  K  R  L  M

CAGCGTATACCGGTAGCAGGCCCGTCAGCCTGCATCAAATAGAAACAAGGAGAAGCGGTATGCAAGTCAACATCAGTGGACATCAACTGG  1800
M  Q V  N  I  S  G  H  Q  L  D

ATGTGACCGACGCCCTGCGCGACTATGTCGAGGAGAAGATCAGCCGGCTCGAACGCCATTTCGACCGCATCACCAGTGTCCAGGTGATCA  1890
V  T  D  A  L  R  D  Y  V  E  E  K  I  S  R  L  E  R  H  F  D R  I  T  S  V  Q  V  I  M

TGACGGTCGAGAAGCTCAAGCAAAAGATCGAAGCGACCCTGCATGTCTCCGGCGCCGAAGTGGTCGCCAATGCCGAGCACGAAGACATGT  1980
T  V  E  K  L  K  Q  K  I  E  A  T  L  H  V  S  G  A  E  V  V A  N  A  E  H  E  D  M  Y

ATGCGGCCATCGATCTGCTGGCCGACAAGCTTGATCGCCAACTGATCAAGCACAAGGAAAAGCAGATCGAACGCCAGCAGGGCG CAACGG  2070
A  A  I  D  L  L  A  D  K  L  D  R  Q  L  I  K  H  K  E  K  Q I  E  R  Q  Q  G A T A

CCCGCTGACTCTCCTGTCCCATGATCAGACTCGAAGACATTCTGACCCCCGGCCGTTCCCTGGTGAACGTGCCGGGAGGAAGCAAGAAAC  2160
R

M  I  R  L  E  D  I  L  T  P  G  R  S  L  V  N  V  P  G  G  S  K K  R
GCGCTCTCGAATACATAGCCAATCTGGTCGCCCGCGAAATGCCCGATCTGAATCAGCAGACGATTTTCGAGAACCTGATTGCCCGTGAAA  2250

A  L  E  Y  I  A  N  L  V  A  R  E  M  P  D  L  N  Q  Q  T  I F  E  N  L  I  A  R  E  K
AACTGGGCTCGACCGGTTTCGGTAACGGCATCGCCATTCCTCATTGCCGCCTGCCCGGCTGTCCTGCCCCGATCAGTGTCCTGCTGCGGC  2340

L  G  S  T  G  F  G  N  G  I  A  I  P  H  C  R  L  P  G  C  P  A P  I  S  V  L  L  R  L
TGGATGCGCCGATCGACTTCGATGCCATCGATGGCGCTCCGGTAGACCTTCTGTTCGTTCTGCTGGTGCCGGAAGCCGCCACCGACGAGC  2430

D  A  P  I  D  F  D  A  I  D  G  A  P  V  D  L  L  F  V  L  L  V P  E  A  A  T  D  E  H
ATTTGCAATTGCTTCGCCAGATTGCCAGCATGCTCGATCGTAGCGAGGTGCGCGAGCGCCTGCGCCAGGTCGAGAGCAGCGAGGCCCTTT  2520

L  Q  L  L  R  Q  I  A  S  M  L  D  R  S  E  V  R  E  R  L  R Q  V  E  S  S  E  A  L  Y
ACCAGGTGGTCGCGGACGCACAGAAGAGCCTGTA AAGTTTCCACCGGAATGCGGAGGTTCGTCGGCCGTGAACGAGCAAATTGGCAACCC  2610

Q  V  V  A  D  A  Q  K  S  L
AGCTTTCGGCATTCATGCCTGACGACGGAAAGCTCTCATCATGCTCGTGATCATCGTCAGTGGCCGCTCTGGCTCCGGTAAAAGCACCGC  2700

M  L  V  I  I  V  S  G  R  S  G  S  G  K  S  T  A
CCTCAACGTGCTGGAAGACAACGGCTTCTTCTGCATCGACAACCTGCCGGCGGTCCTGCTTCCCGAGCTGGCCGAGCGGGCGCTGTTGCA  2790
L  N  V  L  E  D  N  G  F  F  C  I  D  N  L  P  A  V  L  L  P  E L  A  E  R  A  L  L  H

TACCGAACTGCTCGAGCCACAGGTCGCCGTATCCATCGACGCACGCAACCTGCCCAGCCAGTTGAAACGCTTCCCCGAACTGCTCGCCGA  2880
T  E  L  L  E  P  Q  V  A  V  S  I  D  A  R  N  L  P  S  Q  L  K R  F  P  E  L  L  A  E

AGTGCGCACCCGTTATATTCTCTGCGACCTGCTCTACCTGGATGCCGACGACAAAACCCTGCTCAAGCGCTTCTCGGAAACCCGCCGGCG  2970
V  R  T  R  Y  I  L  C  D  L  L  Y  L  D  A  D  D  K  T  L  L  K R  F  S  E  T  R  R  R

CCACCCGCTGACCAATGAGAATCGCTCGCTGGCCGAAGCGATCCGCGACGAAGGCCGTTTGCTCACACCGATCAAGGATCTGGCCGATCT  3060
H  P  L  T  N  E  N  R  S  L  A  E  A  I  R  D  E  G  R  L  L  T P  I  K  D  L  A  D  L

GAAGATCGACACGACCCATCTCAATCTTTACCAGTTGCGCGACACGCTCAAGCTGCGTCTGCTGAACAAGCCGGAACCGGGAACGGCCTT  3150
K  I  D  T  T  H  L  N  L  Y  Q  L  R  D  T  L  K  L  R  L  L  N K  P  E  P  G  T  A  F

TCTGATCGAATCCTTCGGTTTCAAGAAGGGAATGCCGGTGGATGCGGATCTGGTATTCGATGTGCGCTGTCTGCCCAACCCCTACTGGAA  3240
L  I  E  S  F  G  F  K  K  G  M  P  V  D  A  D  L  V  F  D  V  R C  L  P  N  P  Y  W  K

ACCGGATCTGCGCGACTTTTCCGGCCTGGACCAACCGGTCGCCGACTACCTCGCCGTCCAGCCGGACGTCGAAGAGATGTATCAGGACAT 3330
P  D  L  R  D  F  S  G  L  D  Q  P  V  A  D  Y  L  A  V  Q  P  D V  E  E  M  Y  Q  D  I

CCTGACCTATTTGCAGAAATGGCTGCCCCGCTTCGCCGCCAGCAACCGCGCTTATGTCACCATCGCGATCGGATGCACCGGCGGCCACCA  3420
L  T  Y  L  Q  K  W  L  P  R  F  A  A  S  N  R  A  Y  V  T  I  A I  G  C  T  G  G  H  H

CCGTTCGGTCTACCTGGCCGATCGGCTCGGCCAAGCCTTGAAGCAGTCACTCAAGAACGTTCAGGTTCGCCACCGCGACCTTTGCTGACG  3510
R  S  V  Y  L  A  D  R  L  G  Q  A  L  K  Q  S  L  K  N  V  Q  V R  H  R  D  L  C

CTGAAGGATGGATAACGCGATGCCCGCCTGCGAAGTCACCATCATCAACAAGCTCGGGCTGCATGCCCGGGCAGCCGCCAAGTTCGTCGG  3600
M  P  A  C  E  V  T  I  I  N  K  L  G  L  H  A  R  A  A  A  K  F V  G

CATCGCCGGACGCTATGCCTGCGCGGTACGCATCGGCCGCGCTCCGGAGAATCTGGTCGATGGCAAGAGCATCATGGCGGTCATGATGCT  3690
I  A  G  R  Y  A  C  A  V  R  I  G  R  A  P  E  N  L  V  D  G  K S  I  M  A  V  M  M  L

GGCTGCCGGCAAAGGAACGGTCATTCACCTGCATACGGAAGGCGAGCAAGACAGGGAGGCGCTGGAGGCCTTGGTCCAACTGATCAACAA  3780
A  A  G  K  G  T  V  I  H  L  H  T  E  G  E  Q  D  R  E  A  L  E A  L  V  Q  L  I  N  N

TCGCTTCGACGAAGACGAATGACGCTGCCCCACTACCGCCGGGAGCCCCGACGGTAGCCATTCGGCTCGGCGCCACCCCGCTCAGCTTCC  3870
R  F  D  E  D  E
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