Appendix C. Cloning Schemes and Plasmid Maps
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Bacterial Expression Strains

Al

AF

Isoleucine auxtrophic E. coli derived from BL21(DE3)

Genotype: Al (B F ompT hsdS(ry mg)gal dem MDE3) ilvD691)
Reference: Wang P, Tang Y, Tirrell DA. JACS 2003. 125:6900:6906.
Phenylalanine auxotrophic E. coli derived from BL21(DE3)

Genotype: HsdS gal (Aclts857 ind 1 Sam7 nin5 lacUVS5-T7 gene 1) pheA
Reference: Yoshikawa E, Fournier MJ, Mason TL, Tirrell DA.
Macromolecules 1994. 27:5471-5475.

BL21(DE3) Standard protein expression strain purchased from Novagen

Genotype: HsdS gal (Aclts857 ind 1 Sam7 nin5 lacUVS5-T7 gene 1)

Abbreviated aECM Protein Names

Ktl
Kt3

Kt5

CS5

SC5
CS5-5TFI
SC5-5TFI
CS5-ELF
pN3-CS5
RGD
RDG

aECM variant with terminal lysines and 1 cell-binding domain

aECM variant with terminal lysines and 3 cell-binding domains

aECM variant with terminal lysines and 5 cell-binding domains

aECM variant containing El-IK and CSS5 cassettes

aECM variant containing El-IK and negative control SC5 cassettes

CSS5 variant with STFI replacement of I

SCS variant with STFI replacement of I

aECM variant containing ELF and CS5 cassettes

aECM variant containing ELF and CS5 cassettes with pN, replacement of F
aECM variant containing El-IK and RGD cassettes

aECM variant containing El-IK and negative control RDG cassettes

Note: The above lists as well as the DNA sequences and plasmid maps included in

Appendix C are limited to those expression strains and proteins that have been

investigated in this thesis; many more aECM proteins have been constructed. To aid

future cloning, all of the generations of aECM proteins, including those that were not

directly studied in this thesis, are discussed in the section "aECM Chronology."
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aECM Chronology

Generation 1:

Designed by: Alyssa Panitch
Cloned by: Alyssa Panitch
First reference: Panitch A, Yamaoka T, Fournier MJ, Mason TL, Tirrell

DA. Macromolecules 1999. 32:1701-1703.
Cloning information: A Panitch, Thesis, University of Massachusetts, Amherst,

1997.

Notes:  These proteins contain (VPGIG), multimers and 20 amino acids of the
CS5 cell-binding domain without crosslinking sites or fusion tags. Dr. Panitch
created several aECM variants with different ratios of elastin-like domains to cell-
binding domains. She also created proteins that were entirely composed of
elastin-like repeats. The sequence published in the Macromolecules article and
the thesis is incorrect. The incorporated elastin-like multimer is repeated 5, not 4
times. Therefore, the proteins contain (VPGIG),; instead of (VPGIG),,. Due to
their hydrophobicity, these proteins did not stain well.

Generation 2:

Designed by: Eric Welsh
Cloned by: Eric Welsh
First reference: Welsh ER, Tirrell DA. Biomacrmolecules 2000. 1:23-30.

Cloning information:  above reference and ER Welsh, Thesis, University of

Massachusetts, Amherst, 1999.

Notes:  Dr. Welsh added a T7 tag to the constructs cloned by Dr. Panitch as
well as lysine residues at the C- and N-termini for site-specific crosslinking.
Because his constructs were made directly from Generation 1, their sequences
have also been published incorrectly, i.e., (VPGIG),, should read (VPGIG),;s.
These proteins are currently referred to as Ktl, Kt3, and Kt5 by the aECM group.
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Generation 3:
Designed by: Ralf Weberskirch and Kathleen Di Zio
Cloned by: Ralf Weberskirch
First reference:

Cloning information: R Weberskirch, Final Report, Caltech, 2002.

Notes: Dr. Weberskirch prepared two polylinker regions for the pET28a
vector. By his nomenclature, they are PL.1 and PL2. PL1 contains a T7 tag, a His
tag, an enterokinase cleavage site, and an Xhol restriction site for gene insertion.
PL2 is similar but does not contain the T7 tag. In future aECM generations, PL1
is referred to as RW. Dr. Weberskirch also prepared aECM proteins that contain
the CS5 and CS1 cell-binding domains and the elastin-like sequence
(VPGIG),VPGMG(VPGIG),. He designated this cassette EL in his stocks,
although stocks prepared by all others in the aECM group use EL to designate
(VPGIG);.

Generation 4:

Designed by: Kathleen Di Zio and Sarah Heilshorn

Cloned by: Kathleen Di Zio and Sarah Heilshorn

First reference: Di Zio K, Tirrell DA. Macromolecules 2003. 36:1553-
1558.

Cloning information: K Di Zio, Thesis, University of Massachusetts, Amherst,

2002.

Notes: Dr. Di Zio used the pET28aRW vector to create aECM constructs with
the CS1 and CS5 cell-binding domains and the elastin-like sequence
(VPGIG),VPGKG(VPGIG),. Ms. Heilshorn assisted in cloning of a negative
control protein containing a scrambled CS5 cell-binding domain. These proteins
are currently referred to as CS1, CS5, and SCS5, respectively. Dr. Di Zio refers to

this elastin-like cassette as El-IK.
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Generation 5:

Designed by: Julie Liu and Sarah Heilshorn
Cloned by: Julie Liu
First reference: Liu JC, Heilshorn SC, Tirrell DA. Biomacromolecules

2004. 5:4970504.

Cloning information: J Liu, Research Notebook, Caltech.

Notes: Ms. Liu used the pET28aRW vector to create aECM constructs with
the EI-IK elastin-like sequence interspersed with the RGD cell-binding domain, a
negative control scrambled RDG cell-binding domain, the PHSRN cell-binding
synergy site, and a negative control scrambled NHRPS cell-binding synergy site.

These proteins are currently referred to as RGD, RDG, PHSRN, and NHRPS.

Generation 6:
Designed by: Nandita Sharma
Cloned by: Nandita Sharma
First reference:
Cloning information: N Sharma, Thesis, University of Massachusetts, Amherst,

2002.

Notes: Dr. Sharma used the pET28aRW vector to create aECM constructs
with CS1 and CS5 cell-binding domains and the elastin-like sequence
(VPGVG),VPGFG(VPGVG),. These vectors also contain the pheS* gene which
encodes the A294G mutant of PheRS. Dr. Sharma refers to this elastin-like
casette as ELF and the vector that contains both the aECM gene and the pheS*
gene as pNS-CS5-ELF.



C-6

Generation 7:

Designed by: Charles Liu, Julie Liu, and Sarah Heilshorn
Cloned by: Charles Liu
First reference: Liu CY, Apuzzo MLJ, Tirrell DA. Neurosurgery 2003.

52:1154-1165.

Cloning information: above reference.

Notes: Dr. Liu prepared a new polylinker region for the pET28a vector
designated cyl. This polylinker contains a T7 tag, a His tag, a cyanogen bromide
cleavage site, and an Xhol restriction site for aECM gene insertion. He
constructed several aECM variants with the elastin-like cassette EI-IK, which he
refers to as ELIK, and various DSL signaling domains. This new cloning scheme
allows cell-binding domains to be exchanged in the pEC2 vector without

disrupting the elastin-like multimers.

Generation 8:
Designed by: Marissa Mock and Sarah Heilshorn
Cloned by: Marissa Mock
First reference:

Cloning information: S Heilshorn, Thesis, Caltech, 2004.

Notes: Ms. Mock removed the vectors pET28aRW[CSS5(EI-IK)s]; and
pET28aRW[SC5(EI-IK)s]; from the BL21(DE3) expression system and

transfected them into the Al expression system.
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Generation 9:
Designed by: Marissa Mock, Isaac Carrico, and Sarah Heilshorn
Cloned by: Marissa Mock and Stacey Maskarinec
First reference:

Cloning information: M Mock, Research Notebook, Caltech.

Notes: Ms. Mock is using the pET28a-cyl vector to construct aECM variants
with the ELF elastin-like sequence and the SC5, RGD, and RDG cell-binding
domains. These vectors will also contain the pheS* gene which encodes the

A294G mutant of PheRS.
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Strain/Plasmid Collection

Submitted by Sarah Heilshorn Date May 10, 2004
Strain name BL21(DE3) pLysS/pET28apKt1

BL21(DE3) pLysS/pET28apKt3
BL21(DE3) pLysS/pET28apKt5

Vector (kb) pET28ap-Ktl or pET28ap-T7K[CS5(VPGIG),s], KAAK (5.764)
pET28ap-Kt3 or pET28ap-T7K[CS5(VPGIG),s];KAAK (6.664)
pET28ap-Kt5 or pET28ap-T7K[CS5(VPGIG),s]s KAAK (7.564)

Cloning site See plasmid map.

Construction

These constructs were initially designed and cloned by Alyssa Panitch. Eric Welsh later
added the T7 tag to the constructs as well as lysine residues at the C- and N-termini for
site-specific crosslinking. According to current DNA sequencing results, these sequences
were initially published incorrectly: (VPGIG),, should read (VPGIG),, in all cases.
Detailed cloning schemes can be found in the references below.

References

Panitch A, Yamaoka T, Fournier MJ, Mason TL, Tirrell DA. Macromolecules 1999.
32:1701-1703.

Panitch A, Thesis, University of Massachusetts, Amherst, 1997.

Welsh ER, Tirrell DA. Biomacrmolecules 2000. 1:23-30.

Welsh ER, Thesis, University of Massachusetts, Amherst, 1999.

Color codes for plasmid maps and DNA sequences

red original pET28a vector

pink T7 tag and C- and N-terminal lysines
green ap polylinker designed by Alyssa Panitch
cyan cell-binding domain

blue elastin-like domain



C-9
Plasmid map

Only the plasmid map for pET28ap-Kt5 is shown. The other plasmid maps are similar.

Xhol (171) Xhol (189)

A”ng

aECM K5

pPET28ap-Kt5

ori (5481) (7064 0p)

Positions of elements in bases

pET28ap-Kitl

pET28ap-Kt3

pET28ap-Kt5

Vector size 5764 6664 7564
Kan 4390-5202 5290-6102 6190-7002
f1 origin 5298-5753 6198-6653 7098-7553
lacl 1168-2247 2068-3147 2968-4047
ori 3681 4581 5481
aECM region 164-694 164-1594 164-2494

Culture conditions

Shake flask: 2xYT, induce with 2mM IPTG at OD 1

Fermentor:

Terrific Broth, induce with 2.5 mM IPTG at OD 6-8
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Full sequence Only the sequence for pET28ap-Kt5 is shown. The others are similar.

1 A AT A T AT T T T T T AT AR AR & A T ARCACCC G TTTAGAGEC CCC ARGEEETTA
TaEECCTATATCARGEAREAAAETOETTT T T IEEEEACTTC TGLEE AR TC TCCGGGETTCCCCART

68 TECTAGT AT T AT EETEECAGC RGO AR T AGC TTOC TTTCGGEC TT TG T TAGCAGCC GEA
ACGATCAATAACEACTCECC AT T T T CACT O CARGEAR R COCC AR CARTCCTCGGECT

Xhol {171)

151 gag
cte
TeEd L

242 tac
atg
7514
293 gat
cta
7344 |

344 cgg
goo

7174 P
395 acc
tgg
7004 G
446 goo
°gg
GRI G
497 cac
gtg
GEREA W
S4B gat
cta
Gand |
599 gte
cag
6324 D
650 coo
a949
G154 G
701 goe
°qg
Gagd G
752 aac
ttg
GR1A W
03 gat
ota
Sadd |

854 cgg
goo

474 P

°gd
goo
P
aco
tgg
G
goo
°gd
G
cac

qtg
WV

gat

ota

cgg
goo

CCC

acc
tgg
G
aac
ttg
W

cac
gtg
W
gat
cta
|
ogg
goo
P
ooo
999
G
goo
ogg
G
aac
ttg
v
gat
ota
|
ogg
goo
P

acyg
tgo

aco
tgg

ttg

gat
cta
|
g
goo
P

goo

ocgg
G

CCC

994
G

goo
ogg
thg

gat
cta

ogg
goo

acac
tag

acc

tgg

ttg

cgg

goo

ogg
goo

goo
o949

goo
ogg

ttg

gat
cta
|

gat
ota
|

°gg
goo
P

aco
tag
G
aco
tag
G
aac
ttg
W

gat
ota
|

g9
goo
P
goo
ogg
G

gat
cta

aac
ttg

gat
cta

g9
goo

acc
gy

acc

tag
G

acc
tgg
G
aac
ttg
W

gat
cta
I

cgg
goo
P

goo
°aq
G

goo
°gq
G
aac
ttyg
W

gat
cta

gty
cac

aco
tag

are
tag

tac
atg

gat
cta

°g9q
goo
P

°gg
goo
P
goo
ogg
G

goo
cgg
G
aac
ttg
W
gat
ota

ogg
gaoo

acc
gy

acc
tag

goo

ogg

gat
cta

ogg
goo

acc
tayg

goo
ogg

cac

gtg
W

aac
ttg
W

gat
cta
|

oJg
goco
P

acc

tag
G

acc
tgg
G
tac
atg
W
gat
cta
|
ogg
goo
P

gat
cta

goo
°gg

cac

atg

gat
cta

°gg
goo

o al)

q99
G

acc

tag
G

acc
tag
G
tac
atg
W

gat
cta
|

ogg
goo
P

acc

tgg
G

gaoo
g9
G
cac
qtg
v
ctyg
gac

ogg
goo

ocoo
q99

goo
ogg

aac
ttg

gat
cta
|

gat
cta
|
ogg
goco
P
aoc
tag
G
goco
ogg
G

cac

atg
W

gat
cta

g9
goo

ooo
J99

gat
cta

a3C
ttg

gat
cta

g9
goo

aco
tgg

acc

tag
G

E

goo
ogg
G

cac
atg
v

gat
cta
I

ogg
goo
P

CCC

q99
G

goo
ogg

arcec
tag

aac
ttg

gat
cta

ogg
goo
P

ogg

goo
P

falalal

999
G

goo
ogd
G
aac
Tty
W

gat
cta

ogg
goo

acc
tag

gta
cat

tko
aag

gat
cta

ogd
goo

goo
g9

goo
g9

aal
ttg
W

K A

agc
ttg
W

gat
cta
|

cgg
goo
P
acc
taa
G
acc
tag
G
aac
ttg
')
gat
cta
|
cag
gto
L
aco
tgg

goo
cgg

E= =1
ttg

gat
cta

cgg
goo

acoc

tag
G

A

acc
tag
G
acc
tgg
G
aac
ttg
W

gat
cta
I

ogg
goo
P
goo
ogg
G
goo
ogg
G

gty
cac

gtc
cag

ogg
goo

acc
tag

acc
tag

tac
atg

gat
cta
I

gat
cta
|

g9
goo
P

goo
cgg
G

geoo
cgg
G
aac
ttg
W

gat
cta

°gg
goo

gta
cat

gag
ctc

tac
atg

gat
cta

°gg
goo

aco
tgg

goo
ogg
G

Xho! (189)
135 TOTCAGTEETEETEGTGGTGRTGELogas tha tha ote gag ttht ageo age tht cotc

AGACTCACCACCACCACCACCACGagotg aat aakt gag cobc aaa tog tog aaa gag
7774

K

goo

egg
G

aac

ttg
W

gat

cta
|

ogg
goo
P
acc
tag

ogg

cac

gtg

gat
ota

og9q
goo
P

E

ogg
goco
P
aoc
tag
G
aoc
tag
G
tac
atg
W
gat
cta
|
ogg
goc
P
acc
tag
G
aac
tktg
W
cac
gty

gat
cta

ogg
goo

coc
999

goco
oJg

aac
ttg
W



405 acc
tgg
5304 G
956 acc
tgg
5134 G
1007 aac
ttg
494
1058 cgg
goo
4794 P
110% cgg
goo
4624 P
1160 geo
°gd
4454 G
1211 gee
°gd
4264 G
1262 aac
ttyg
4114 v
1313 gat
cta
Jad4d |
1364 cgg
goo
3774 P
1415 acc
tgg
e0d G
1466 acc
tgg
3434 G
1517 geo
cgg
J26d G
1568 gat
cta
3094 |

161% cgg

goo
2924 P
1670 acc

tgg
2754 G
1721 geo

2564 G

1772 cac

gty
2414 v

gat
cta

ogg
goo

goo
g9

gat
ota

thg

gat
ota

ogg
goo

aco
tag

aco
tag

tac
atg

gat
ota

ogg
goo

gat
cta

goo
g9

cac
aTg

gat
cta
I
ogd
goo
P

ooo

gq949
G

goo

g9

ttg

gat
ota

acg
oo

aco
tag

aco
tag

tac
atg

gat
ota

ogqg
geoo

aco
tag

goo
g9

cac

g

oty
gac

ogg
geo

ooo
J99

geoo

cgg

ttg

gat
cta
|

ogg
goo

aco
tag

aco
tag

goo
o0g

gat
ota

ogg
goo

aco
tag

goo
oog

cac

atg

gat
ota

ogg
goo

coo
994

gat

Cta

ttg

gat
cta

ogg
goo

aca
tag

aca
tag
G

tac
atyg

gat
cta

ogg
goo

gat
cta

goo
g9

Cac

gty

gat
cta

ogg
goo

coo
494

goo
ogq

a4aC
ttg

ogg
goc

cte
Jag

acc
tgg

acc
tgg

aac
ttg

gat
cta

°«gg
goo
P

aco
tag

goo
o949

cac

atg

L+ r_\:l
Jac

g4
goo

ooo
q4949

goo
o949

a3
ttyg

gat
ota

ogd
goo

aco
tag

gta
cat

tto
=P L

gat
cta

o949
goo

goo
g4

goo
g4

aas
ttg
W

gat
cta

ogg
goo

ooo
J94

gat
cta

A3
ttg

gat
cta

ogg
goo

aco
tag

aco
tag

a3
ttg

gat
oka

cag
gtc

dCo
Tgg

goo
ogg

aac
ttg

gat
cta

o949
goo

aco

tgg
G

goo
ogg

aac
tkg

ogg
goo

cto
Jagq

acc
tag

acc
tag

aac
ttg

gat
cta

ogg
goo

goo
o499

goo
o499

gtg
cac

gtc
cag

ogg
goo

aco
tgg

aco
tgg

tac
atg

gat
cta
|

°gg
goo

ace
tag

gta
cat

thte
aag

gat
cta

ogg
goo

goo
g9

goo
a9

aac
ttg

gat
cta

ogg
goo

gta
cat

Jag
ot

tac
atg

gat
cta

g9
goo

aco
tgg

goo
ogg
G

aac
ttg

gat
cta

cag
gto

=L
il [+

goo
99

aac
ttg

gat
cta

ogg
goo

aco
tag

aco
tag

tac
atg

gto
cag

cgg
goo

aco
tgg

goo
ogg

can
qtg

gat
cta

99
goo
P

goo
g9

goo
g9

atg
cac

gtc
cag

ogg
goo

aco
tag

aco
tag

tac
atg

gat
ota

ogg
goo

acc
tag

aac
thg

cac
gtg

gat
cta

g9
goo

ooc
999

goo
ogg

aac
ttg
W

gat
cta

g9
goco

gta
cat

Jag
oto

tac
atg

gat
cta

g
goo

acc
tag

goo
o499

cac

qtg

gat
cta

gtc
cag

coo
94

goo
ogg

aac
ttg

gat
cta

ogg
goo

acc

tgg
G

ace
tag

tac
atg

gtec
cag

ogg
goo

ace
tag

goo
g9

Cac

atg

gat
cta

ogg
goo

coo
g99

goo
ogg

tkeo
aag

gat
cta

°«gg
goo

acc
tgg

aco
tgg

aac
ttg

gat
cta
|

ogg
goo

aco
tag

aac
Tty

cac
atg

gat
cta

ogg
goo

faalu
q99

goo
o«ag

aac
ttg

gat
cta

ogg
goo

acg
tgo

aco
tgg

aac
ttg

gat
cta

o«aq
goo

goo
ogg

goo
ogg
G

cac

gtg

gat
cta

gtc
cag

ooo
g949

goo
99

aac
ttg

gat
cta

ogg
goo

aco
tag

aco
tag

aac
ttg

ogg
goo

cgg
goo

goo
ogg

goo
ogg

aac
ttg

gat
cta

99
goo
P

coo
q99

goo
ogg

tkto
a9

gat
ota

ogg
goo

acc
tag

acc
tag

aac
ttg

gat
cta

ogg
goo

goo
o949

gat
cta

aac
ttg

gat
cta

ogg
goo

aco
tgg

aco
tgg

tac
atg
W

gat
cta

ogg
goo

acqg
Tgo

aco
tag

aac
ttyg

gat
cta

ogg
goo

goo
g9

goo
ogg

aac
ttyg

gat
cta

gty
cac

acc
tag

acc
tgg

tac
atg

gat
cta

g9
goo

acc

tgg
G
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1823

2244

1874

gat goo ogg aac goc gat acc ogg cac ooc gat acc ogg aac acc gat goo
cta ogg goc thig ogg ota tgg goc gtg g9g cota tgg goc thg tgg ota ogg
| G F W G | G P W G | G F W G | G
cgg aac acc gat goc ogg tac acc gat goco ogg aac goco gat acc ogg cac
goo thg tgg ota ogg goc abtg tgg cota ogg goc thg ogg ota tgg goo grg

2074 P VW G | G P Vv G | G P Vv G I G P V¥

1925

coc ogg gta cag gtg gta gbo aac gbkc tho acg ogg gat gbg goo gat ctg
ggg goo cat gtc cac cat cag thtg cag aag tgo goco cta cac ogg cta gac

1304 G P ¥ L H o v O E R o | H G | Q

1976

1734

2027

gat cto thc acc ghc gag ogg cac coc gat acc ogg aac acc gat goc ogg
cta gag aag tgg cag cto goc ghtg ggg ota tgg goc thg tgg cota ogg goo
| E E G ] L F W G | G P v G | G F
aac acc gat goc ogg tac acc gat goo ogg aac goc gak acc ogg cac coc
ttg tgg cta ogg goc abg tgg cta cgg goc thg ogg ota tgg goc gtg 999

1564 v G | G P v G | G P N G | G P Vv G

2078

1354

212%

gat acc cgg aac acc gat goc ogg aac acc gat goco ogg tac acc gat goo
cta tgg goc ttg tgg cta ogg goc ttg tgg cta ogg goo atg tgg cta ogg
| G P ¥V G I G P ¥V G | G P ¥V G | G
cgg aac goo gat acc ogg cac ooc gatk acc ogg aac acc gat goc ogg aac
goc ttg ogg ota tgg goc gtg ggg cta tgg goc thg tgg cta ogg goo ttg

1234 P W G| G P v G | G P ¥V G | G P W

2180

acc gat goo ogg tac acc gat goc ogg aac goc gat acc ogg cac ococ gat
tgg cta cgg goc atg tgg cta ogg goc thg ogg cta tgg goc gtg ggg cta

1054 G | G P Vv G | G P v G | G P ¥V G |

2231

acc £gg aac acc gat goc og9g aac aco gat goc ogg tac aco gat goc ogg
tgg goo ttg tgg cta cogg goo thg tgg cta ogg goc atg tgg cota ogg goo

ggd G F VW G | G P ¥V G | G P v G | G P

2282

aac goo gat acc ogg cac o0 gat aco ogg aac acc gat goc ogg aac aco
ttg cgg cta tgg goc ghtg ggg cta tgg goc ttg tgg cta ogg goo ttg tgg

4 v G| G P v G | G P N G | G P Vv G

2333

G544

2384

gat goo ogg tac aco gat goc ogg aac goc gat acc ogg cac ooC ogg gta
cta cgg goc atg tgg cta ogg goc ttg ogg cta tgg goo gtg ggg goc cat
| G F W G | G F W G | G P W G F b

cag gtg gta gtc aac gte the acg ogg gat gbg goc gat cotbg gat cto tho
gtc cac cat cag ttg cag aag tge goc cka cac ogg cta gac cta gag aag

374 L H ¥ 0O ¥ DO E R P | H G | O 1 E E

2435

Meol (2447)
acc gte gag goc cat ggbt tit gog ace cat thg otbg tec acc agt cat get

tgy cag ctec cgg gta oca aaa ogo tgg gta aac gac agg tgg toa gta oga

204G D L G M T K R 6 M 4O O G G T M 5

2486

Xbal (2531)
age cat cat GETATATCTCCTIC T TARAGTTARACARAATTATTTC TAGAGGGEARTTGTTATC
tocg gta gta OCATATAGRAGGAAGAATTICAATT IGT I T TAATAARAGATC TCCCCTTAACAR TR

EL IR N

2550

2617

2684

2751

281B

Bglll {2597)
O A AR T T A T A T A T T A T T AR T T I G A T CAGATC TC AT TC TAC GO
B A T T A A AT A T A ATAATTAAAGCGCCC TAGC T TAGACC TAGGAGA TECGGT

GO A T ETEECCEEC AT AT CEEC GO A AT ECGE T TEC TR GCC TATATC GO CGACATCAC

O A AT AT O DT T O ACGCC AR CGACC GO GLEATATAGC GO TETAGTG

A TEEEEA R AT T A T O T ATGAGC G TTGTTTC GG GTGEETATGETGEC A

GO A T T T A A T ARG AR TAC TCGOGAAC AR A GO CGCACCCATACCACCET
Sphl (2794)

B T A T T TGO AT T C T TECATGC ACCATTCC TTGCCECGECGETEE

O A O IR AR T A A A R G T T T AR G AR OGO GO CAC G

AR T AR T AL TAC TR T T IO TAA T GU AR L TGO A TR G R A U TCGRAGR
AT AT T AT A T AR EARCEATTACGTCCTC AGCGTATTCCCTC TCGCAGETCT
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28BS

2952

301%

30BE

3153

3220

3287

3354

3421

34BE

3555

3622

36E%

3756

3823

3890

3957

4024

40G1

4158

4225

4252

4359

4426

4453

4560

4627

T GEAC AT AT AR TGO AR A A T T IO GO G TATEEC ATCATAGCGUCC GEARGAGAGTCA
A N N T A T T A e T T T I EEAR A O ATACCGTAC TATC GEGEGCC TTC TC TCAGT

AT A N T A A T T AR AT A A TTATAC CATETCGCAGACTATGOC GETETC TCTTAT
TR AE T A A T A A T T AT T AR TAT O TACAGCGTC TCATAC GG CAC AGRGARTE

A AT T O G T T AR A C A AT T T TGO GAR R A P GO GGG AR B ACTEEAAG
ST A A A O A A TG T O e TG T AAACACCCTTTTGCGCCC TTTTTCACC TTE

AT REACC TEAATTACATTOCC AR OO TEECACARCA RO TEEC GRGCARRBCACTCETT
O A R T CAC T TAA T AR T TR A TET TG TTGACCGCCCGTTIGTCAGC AR

GOTGAT TG T TR A IO AT MO TECACCOCCCGTCGCARA TTETCGCGECGATTARR
A T AR O A A T A T A A A IO CEC AGC G TTTARCAGCGCCGC TARTTT

OO A T AR T T A TN T T GATCE TAGAACCARCC GGG TCGARGCCT
AR T AT TCACCC AT CE T ACCACCACACC TACCATC TTGE TTCGCCGEAGC TTC GGA

AR T A AR T T I T RO G AR O T ACTEGEC TEATCATTAAC TATCC GE TGEA
AT T OO A T T T AGAR AT GCAGTCACC CGAC TAGTAR TTGATAGGCGACCT

A A AT A T T T TG A A T T A TAATETTCC GGG TTAT T T TTGATGTC TOT
AT T A e T AR A A T IO A AT EATTAC AR GGCC G AATAR A AR CTAC RGAGS

GRCC AR A AT AR A TATTAT T T T TO O ATEAACACGETAC GEGAC TEGECGTEGRGCATE
O T T e T A T I TCATAATA R R A A TAC T TECCATECGC TEACC CECACC TCGTAG

IO A T T T AC AR AR AT TETTAGCEEEOCCATTRACTTC TETC TCGECGCETCT
A A T AR A T IO T T TAGC A A A IO OO EEETAR TTC ARGACAGRGUCGLGCAGE

O T N T M A TAAR TA T T AT AATC AR ATTC AGC CEATAGCGEARC GLREAR GG
O A A A AT AT T T A TACAC TEACOETTACTTTARC TCCGC TATCGC CTTECCC TTCCG

R T A T A N T O T T T T AR AR A AT AR AT TEAR TEAGEGCATCGTTCCCAC TG
O A A R T A A AR A A T T T T TAC T T TACGAC T TAC TOC CETAGC ARG EGTEAC

A T T T T A A A T A A T T A A TECGCGCCATTAC CEAGTCCGGECTECG
GO TAC A AR T T TAC T TAC O A O RO TTAC GO GCGETAR TGEC TCAGECCCGAC G

T T A T A T IO e T A TEEEATAC A A TACCCARCAC RGO TCATETTATATCCCGECE
GrARDC RGO TAT AR AT A O TAT GO TN TATEEC TTC TETCGAGTAC AR TATAGEGCGEE

TTARCC R AT AR R A A T T T T T TEEEEC A R ACCACC G TREACC GO TTEC TGCARCTCT
AR T T e T AT T I IO T AR R A AT AT OO TTTEETCGCACC TRECGARCGACGTTGRGE

O A A e T ARG AR T A T T T e T TC AC TEGTGAR A RGAR BB AT CACCCT
R T T O A T T O T T A T A A AT ARG TGAC CAC TTTTC TTTT TGE TGGEGA

GEOGECOCAATACGC AR ACCEOC T T RO TICECCCATTCATTAR TG AGC TGECACGACAG
O T T AT T T IO R AR ECEC AR OGO TARGTAATTAC GTCGACCGTECTETCE

ST A T A A A A T A O AR e AR TTAATE TARGTTAGC TCAC TCATTAGECS
A A A T A T T O O T A T e T C T TAATTAC AT TC AR TC GAGTEACTARTCCGT

A T T A A T O T T A O T T ARC AT CACC TC CTTCC GETGEGCGCGEEECA
GO T AR T T A A A T T A AT TR ACTCGAGGARGECCACCCGCGCCCCGT

A AT T A T T AT A TE T T IO T T TATC AT AR T GTAGGACAGE TGO CGEC AGTE
A AT A A e TEAR TAC TEAC ACARCAAATAGTACETTEAGCATCC TETC CACGGLOGTCG

ST T T A T T T T R A A O TT T TEEACC COGACGA TEATC GRC CTETCGE TTECG
CEACRCOCAGTAR R A TOC TEEO AR AGCEACC TOEOEC TG TAC TAGC CGEAC AGCEARCGE

GrA T T AR T T A O IO T ARG CTIOE T CACTGETC O OGO CACCAR R GTTTCGECG
AT AR T T AGA R T R EAC T GEARGC A TEACCAGGEC GETEETT TG AR BGCCGE

AEAREC A AT TA TG CEEC AT OO AR ETEOGCATGATCGTGC TCC TETCGTTGAG
T TCCEETAA T A TAC OO CEEEETEC O CACGC G TAC TAGCACGAGGACAGC AR T

R T A D O G T O O T T A T T TAGC AGAATCAR TCAC CEATACCCGAGTGARCE
O A T O A OO A R A A TEACC AR T C T TTAC TTAGTGEC TATGCGE TCGCTTGE

AR A T T T AR A A T T D A T T A AR AR ATEAR TEETC TTCGETTTCCETG
AT T A A A T T T e A A T A T T IE TG TAC TTACC ACA RGO C AR RGO AT

TG A AR T T AR A AR T A O T ACCAT TATG T T CGGATC TGO ATC G AGE
AR AT T T AGAC T T IO O T T A TO O AT TEETARTAC ARGGCC TAGACGTAGCGTCC

AT T T T A T TEEA R AT TAC A TC TETATTARCGRAGC GO TEECATTEACCC TGAGTE
TR A A A T A A O T T T A TETACACATA A TTEC TTCGCGACC GTARC TEEGRCTC AC
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4654

4761

4828

4855

4962

5029

S50%6

5163

5230

5297

5364

5431

S4%E

L5565

Ge32

S6%%

5766

G833

5900

L5967

6034

6101

GlEE

6235

6302

6369

6436

AT T T T T O O A T O A T A O A T I ETTTACCC TCAC AR CGTTC CAGTARCCGGE
AR A B A A A A T A T R T AR A R ATCCEAC T T TR ARG TC AT TGGOCC

AT AT A T A T AR T AT T A AT N T TOG T T TCATCGE TATC AT TACCCCCAT
B A A T A T A T A T T A T A A T T A A A A A A A C T AGCCATAG TAR TGEGGETA

AR A A A T T A A A S A T A T A AR A AG AR R A B B OGO TTARCATGECC
O T T T A A A T T O N e T A T CAC T EE TT T T C T TT T T TG R GEGAA T TG TACCGE

T T A T A A A A A A T T AR T T A A A AT T AR CGAGC TGEACGCCEATGARC AGE
AR A T A T T T T e T AA T T A A AT T T TTTCACT TEC T GACC TGOGC C TAC TTGTCC

A A A T e AR T T T A A A T AT AR TTTACCGCAGC TEC C T GCGCGTTTCGE
S A A A T A A A e T T T A TAC T AR A TR C G TCCACGGAGCGCECARRECT

A AT A AR A T T T A A AT A T OO EACACGE TCACAGC TTETC TETARGCGGAT
A A T A T T T T A A T N T A T A T TEC CAG TG TCGAAC AGRCATTCGCCTA

GOCEEEACCAG AT AR T A T AT ETTGCCGEETETCGEEECGEAGT CA TG
OO T TG T TG ACTOCCECCC ACTCEOCC ACARCCGCCCACACCCCCGCGTCGETACT

O A T A T A A T A A T TATAC T TTARC TAT GO GECATC AGAGC AGATTETACTG
BT AT A T T A T O O T A A TA T A AR TICATACGCCGTAGTC TG TC TARCATEAC

A AT A A T A T A T R T T AR A T A A ACA T TAAGEACAR R R TACCGCATCAGGECE
T A TG T A TA T A A A T T T A TGO T T TACGCATTCC TC T TT TAT GO G TAGTCCGE

O T T T O T e T A T A IO IO IO GE TG TTC GG TECGEC GAGC GETATCAGCT
R A A A A A S A T A T A A A A AR GO CCAC GO OGO TCGCCATAGTCGR

A T A A A A T A T T A T A A A T A A TARC GO ACGAR R CARC A TETEAGCAR
G AT AT T A T AR TACE T T T TAC T O TAT TGCE TCC TTTC TTE TACAC TCGTT

R A A A B A A A R O T AR A A A T TEEC G TTTTIC CATAGGE TCCGECT
I T T T T N e T T AT T T T IO GO AR A OGO AR AR B G TATCCGAGGLGGE

OO A A AT A AR R A A T A T AR T ACACE TG GARACCCCACAGEAC TATARAGE
A T T TAC T T T T T T A T AT AT IO CACCGC TTTEGGC TETCC TGATATTTCT

TR AT T T O T AR T O T DO M OO TG T TCCGACCC TRCCGCTTAC CGGAT
AT AR A A T A A A RO AEACGAC A A GEC TEGEACGGUGAATGGCCTA

A O O T T OO T O e AR e T TT I TCATAGC TCACGC TETAGGTATCTCAG
A A A A AR A A O TG A RO EAR ACACTATCGAG TG GACATCCATAGAGTC

I T T A T T T T AR G T T TE T ACGAR CCCCC CETTC AGC CCGAC OGO TG
ARG AT AT A AR AT I A O A A AT T TTGEGEGEC ARG TCGEEC TGECGACE

ST A T T AR A T T T A T AR OO E TARCAC ACGAC TTATC GO AC GG AGCAG
AR TR AT T CATAGC ACA A T A T AT I TG TEC TGAR TAGC GG TGACCETCETC

O A T T AR A A T T A A A A TA T T A e TEC TACAGACTTC TTGAAG TGETGECC
GETEAC AT T TAA T T IO GO MO CATAC AT OGO CACGA TG TC TCARGARAC TTCACCACCGE

AR T A T A A T A A A A A TAT T T TATC TGO T TG TEAAGC CAGTTACC TTCGGA
AT A T A T T EA T T T T T A TAR AT ATACAC GO EAGACCAC TTCGETC AR TGGARGCCT

AR AR AT TACC T TICATCCEECAR AT A A A A e TG TAGCGETEETTTTTTTGTTTGCA
T AR AT O GACA R TA O T T T TG TEEOEACCATCGCCACCAR AR BB AT A BB CGT

R A R A T T A R R A A A A A A A A A T T ARG AR A TOC TTTEATC TT T T TACGGEGETCTGA
T T T AR T G e T T T T T IO TAGAC T IO T T TAGGARAC TAGAR R R CA TGO CCCAGACT

O AT EEAR AR R A T AT TAAGEEATTTIEETCATGARAC AR TAR R AC TG TCTGC TTACAT
SR A T T T AT AR T T TAR A AT A TACTTG T TAT TT TGAC AGACGARTGTA

AR A AT AR T A A A T T T AT A CATAT I AR GEEAR R G TC TTGC TC TAGGCCGLGATTA
T A T TA T T OO AT AR TAC IO TATARC T IO OO TT TG C AGAAC GAGATC CGGCGCTAAT

AR T A A A T AT T AT T TATA T R TATAR AT EEECTCGCGATAA TETCGGECARATC AGGETE
I AR T T A TAC A TAR A TA TAC O ATATTTAC OO GAGCEC TATTACAGCCCGTTAGTCCAC

A AR T T AT A T T TA TR ARG A TGO CAGACTTGTTIC TGARAC ATCGC AR BGETAG
GO TAGATACC TARC A TAC O T T TAC RO EETC T AR CARBGACTTTGTACCGTTTCCATC

T AR T A T T T A ACA T R ACA T T ACAC TAR A TEEC TGACGGAR TTTATGCCTCTTCCE
AR T TAC TAC AR TN TAC T TAC A T TEATTICACC GAC TGCC TTAAR TACGEAGRARGGT

A AT AR A TT T T A T e T A T DA T A TR AT EETTAC TCACCAC TECGATC CCCGEGARRR
AT TG TAARA A AT AGEAC TACTACE TACCAATGAGTEETGACGC TAGGGGCCCTTTT

C-14



6503

6570

BEXT

6704

6771

6H3E

6905

69TE

703%

7106

7173

7240

7307

7374

Tadl

7508

R A T AT AT TACAR AR AT T AT T A TEAARA TATTE TTGATGCGC TEGCAGTGTT
T AR T A T A T T T A TA A TAACTCCACTTTTATARC ARC TACGOGACCETCAC AR

O e T A T A T T T T T I TAA T T T CTTTTARCAGC GATCGCGTATTTCGTC TC
A AR T AR TAAGEAC AR R ATTA A AR A AR TTETCGCTAGC GO ATRARCCRGAG

ST A AR T A A AT AR T AR T T I T I AT GAGTGATTTTGATGACGRAGCGTAA TG
A T T A T TTAC T AT TGO AR A C AR TACEC TCACTAR AR TAC TG TCGCATTAC

T T T T A A AR T T AR AR AT ATARACTTT TGO CATTC TCAC CEGATTCAGTCGT
A A A A T T I ACAC T T T T T TAC G TAT T T EAA A A GETAAGA G TGO CTRACTC AGER

R AT T A T T T T A T T A TARCC TTAT T T I T AL CAGGEEAR A TTAR TAGETTGTATTGAT
A A A T A AR A T AR TATTEARTAR A AR T TCCCCTTTARTTATC CARCATARCTA

A A T e A A T AR O A T A C A AT T CATC CTATGEARC TECC TCGETEAGT
A A T N A T T A T T TA T T C TACARCEETAGGATACC TTGACGGAGC CACTCR

T T T AT T A AR A A TTT T T ARAS A TATEETATTEGATAA TCC TGATATGAR TARATT
AR A A A A T AR T T T T O O GARA A R T T T I TATACCATARC TATTAGGAC TATACTTATTTAR

AT AT T AT T AT AT T I T T TAR AR TTAATTCATGAGCCGATACATATTTGAATE
A A A A T A A T AT AR A R A A T TTAATTARG TAC T GO C TATG TATARRC TTAC

TATTTAGAARARTARAC R AT A T IO O ACATT T OO C AR ACTGOC ACC TEARR TTETA
ATAs T AT T T T T A T O AR O ST TAR RGO TTTTCACGETEEAC TTTARCAT

AR T AA T AT T T T AAR A T T TARA T T I T T TARA TCAGC TCATTTTTTARCCARTAGE
A A T AR A A A A T T T T AR AR T T T AR AR A AR TTTACTCCAGTARR R ATTEETTATCC

CoGARATCEECAR AR TOOCTTATAARTCAA R AGA A TARACCEAGA TAGGETTEAGTETTGTTCCAGT
ST T A T T T T A A A TA T T T AT T T I T TATC TGO TC TATC CCARC T ACARC AR GETCR

AR AR A T A TAT T AR A A A T ECAC T AR T AR ARG GCGARA R BCCETCTATCAG
AR T T N T A T A T AR T T T T A T AT I ACTTTCCCGE TTTTTGGCAGATAGTC

A T A A T A A A T A TAA T AR TTTT T TEGGE TCGAGE TGO G TARAGT AT
O T A T AT A T e TACTEEEATTACTTC AR AR R CCCC AGC TOC ACGECATTTOGTE

TRA AT AR T AR A A OO A TTTAGAGC TTCACGGEEAR RGO CEGCEARCGTEGCGAG
AT A T AT T IO DO e EEECTAR A T TOEARC TECCCC TTTCGGCCGE TTGCACCGE T

AR A A A A A AR B A A A e A T T A TEGC ARG T TAGC GETCACGE TG G
T T O T T T T T T TGO OO O EA T OO A G TTC ACA TOGCC AGTGCGACGLG

GrAACCACCAC Ao TTAR T OO TAC ACEECGC G TCCCATTCOGCCA
AT TN T T CEC COEA A TTAC O CECEATE TGO G AGGE TARGCGET
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Strain/Plasmid Collection

Submitted by Sarah Heilshorn Date May 10, 2004
Strain name BL21(DE3) pLysS/pET28aRW-CS5

BL21(DE3) pLysS/pET28aRW-SC5
Al pET28aRW-CS5
Al pET28aRW-SC5

Vector (kb) pET28aRW-CS5 or pET28aRW-[CS5(EI-IK),]; (6.443)
pET28aRW-SCS5 or pET28aRW-[CS5(EI-IK),]; (6.443)

Cloning site See plasmid map.

Construction

Ralf Weberskirch designed the pET28aRW vector which replaces the cloning region of
the pET28a vector with a new polylinker region that includes a T7 tag, His tag,
enterokinase cleavage site, Xhol restriction site, and stop codon. Kathleen Di Zio used
the pET28aRW vector to create an aECM construct with the CS5 cell-binding domain
and the elastin-like sequence (VPGIG),VPGKG(VPGIG),, which is referred to as EI-IK.
The SC5 domain is identical to the CS5 cell-binding domain, except the codons for
REDYV have been scrambled to encode REVD as a negative control for cell culture
experiments. Details on the cloning scheme can be found in the references below.
Marissa Mock transfected these plasmids into the Al E. coli strain, which is isoleucine
auxotrophic.

References
Di Zio K, Tirrell DA. Macromolecules 2003. 36:1553-1558.
Di Zio K, Thesis, University of Massachusetts, Amherst, 2002.

Color codes for plasmid maps and DNA sequences

red original pET28a vector
green RW polylinker designed by Ralf Weberskirch
cyan cell-binding domain

blue elastin-like domain
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Plasmid map

Only the plasmid map for pET28aRW-CS5 is shown. The SC5 plasmid map is similar.

Xhol (172)

4T region

PET28aRW-ICS5(EI-IK)413
(8443 bp)

ori (4361)

Positions of elements in bases
pET28aRW-CS5

pET28aRW-SC5

Vector size 6443 6443
Kan 5070-5882 5070-5882
f1 origin 5978-6433 5978-6433
lacl 1848-2927 1848-2927
ori 4361 4361
aECM region 165-1373 165-1373

Culture conditions

Shake flask: 2xYT, induce with 2mM IPTG at OD 1

Fermentor:

Terrific Broth, induce with 2.5 mM IPTG at OD 6-8
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Full sequence Only the sequence for pET28aRW-CS5 is shown. The SCS sequence is
identical except for the shuffling of the REDV codons within the CS5 cell-binding
domain to encode REVD in the SCS5 construct.
1 ATCCGGATATAGTTCC OO T TCAGCARAAAACCCCTCAAGACCOGTTTAGAGGCCCCARGGGGTTATG
TACCCCTATATCAACCACCAAACTCCTTTTTT COCCACTTC TECECARATC TCCGEGEETTCCCCAATAC

70 CrAGTTATTGCTCAGEETEEC A AR AR T A T TTTOEEECTTIGTTAGC AGCCGGATCTC
GATCAATAACALTCCC AT T T T AT AR A PR EARRC AR T TUACCTAG R

ol

13% ACTGETEETEETEGTGETGCtogact tha tta otc gag ogg cac oo gat acc ogg
ag cko goo gtg ggg ota tgg geo

TCACCADCACCACCACCACGagotga a

185 aac
teg
3034 vy
246 gat
ckta
3764 |
297 cgg
goo
3594 P
4B acc
tgg
324 G
39% acc
tgg
3254 G
450 tac
atg
F064 W
501 gte
Cag
2914 DO
552 cgg
2744 P
603 aceo
tgg
2574 G
654 goo
°gg
2401 G
705 cac
gty
2234
756 gat
ckta
2064 |
807 cgg
goo
1854 P
B5E coo
99
1724 G

acc
tag
G
acc
tag
G
tac
atyg
v

gat
cta
I
°gd
goo
P

aco
tag
G
aac
titg
W
cac
gtg
v
gat
Cta

ogg
goo

ooC

94
G

goo
ogg
G
aac
g
W
°gg
goo

F

gat
Cta
I

<gg
goo
P

acC

goo
°gd

thg

gat
cta

goo

oqg
G

cac

qrg
W

gat

ota
I

ogg
goo
P

ooC

PR

goo

g9
goao
P

CoC

494
G

goo
°g9
G

aald
ttg
W

gat
cta

|
ogdg
gcc

P
=LAl |
L [

R

acc
tgg
G
das
ttg
W

£ttt
aaa
K

ogg
goo
P

goo
ogg
G

goo
ogg
G

gty
cac

H

4034

aac
ttg
W

gat
cta
I

ogg
goo
P

aco

tgg
G

acc
tag
G
das
ttg
W

ogg
gJCcc
P
°gg
goc
P

goo
g9
G

goo
°q9
G

aald
ttg
W

gat
cta

°gg
goo

gta
cat
ki

acc
e
G
acc
tgg
G
aac
ttg
W
ttt

aaa
i

ogdg
goo
P
goo
ogdg
G

gat
cta

aac
ttg

gat
cta

ogg
goo

aoo
tag

aco
tag

tac
atg

gto
cag
O

at aat g

Tttt
aaa
K

°gJd
goco
P
goo
°gd
G

goo
°gg
G
aac
ttg
W
gat
cta
|
gtq

cac

acc
tag

aca
tag

tac
atg

gat
cta

°gg
goco

aoo
taq

=P
'_L'\.:l
W

goo
o«Jd
G
EET
ttg
W
gat
cta
I
o«gd
goo
P
aco
tag
G
ETalal
tagg
G
goo
ogd

gat
cta

°Jg
goo

ace
tgg

goo
o«qd

cac

qtg

gat
cta

gto
cag
O

E

ogg
goo
P

acc

tgg
G

acc

tag
G

tac
atg
Ly

gat
cta
|

°gg
goo
P
gat
cta
|
goo
ogg
G

cac

gty
W

gat
cta

ogg
goo

cco
9499

goo
cgg

tko &

L

tac
atg
W
gat
cta
I
ogg
goo
P
aoo
tag
G
goo
ogg
G
cac
atq
W
ctg
gac

ogg
goo

coo
9499

g9

aagy tgo

E

=]

acc

g9
G

goo
ogg
G

cac

arg
W

gat
cta
I
g9
goo
P

349
G
gat

ota

aac
ttg

gat
cta

g9
goo

aoo
Tag

aco
Tag

dac
ttg

~g cgg

goo
P

W

gat
cta
I

°g9

goo
P

ooo

q499
G

goo
ogg
G
aac
ttg
W
cgg

goo

fad ln]
gag

acc
tag

acc
tag

aac
ttg

Tttt
aad

°gg
goo

goo
odg

gat
cta

G

goo
ogg
G
aac
ttyg
W

gat
cta
I

ogg
goo
P
acc
g
G
gta
cat
W

ko
aag

Tttt
aad

°g99
gco

goo
ogg

goo
og99

aac
ttg

gat
cta

gtyg
cac
H

ogg
goo
P
aco
tag
G
acc
g9
G
aac
ttyg
W
Tttt

aaa
K
cag
gtc
L
aco
tgyg

goo
g9

aac
ttg

gat
cta

g9
goo

acc
tag

aco
tag

goo
egyg
G

G

aac
ttg
W

L
aaa
K

ogg
goo
P
goo
ogg
G
goo
ogg
G

gtyg

cac

gto
cag

ogd
goo

acc
tag

ace
tag

tac
atg

gat
cta

ogg
goo

gat
cta

F

goo
ogd
G

goo

ogg
G

aac

ttg
W

gat

cta
|

ogg
goo
P
gta
cat
b
gag
ote

tac
atg

gat
cta

ogg
goo

aco
tag

goo
ogg

cac
qtyg

otg
gac
O
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90% gat cte too acoc gbe gag ogg cac ooC gat acc ogg aac acc gat goo ogg
cta gag aag tgg cag cbe goo ghg ggg ota tgg gooc thg tgg cota ogg goo
1554 | E E & D L F v G | G P ¥ G | G P
960 aac acc ttt goo ogg tac acc gat goco ogg aac goo gat acc ogg cac coc
ttg tgg aaa ogg goc atg tgg cta ogg goc thg ogg cta tgg goc gtg ggg
13gd v G K G P ¥ G | G P v G | G P VvV G
1011 gat acc ogg aac acc gat goo ogyg aac aoo tht goo ogg tac acoc gat goco
cta tgg goc Thg tgg cta ogg goc thg tgg aaa ogg goc atg tgg ota ogg
1214 | G P ¥V G | G P ¥ G K G P ¥ G | G

1062 ©gg aac goo gat acec ogg cac ooc gat ace ogg aac acc gat goo ogg aac
goo thg ogg ota tgg goo ghg g9g9 ota tgg goc thig tgg ota ogg goc thg

44 P v G I G P V¥V G | G P Vv G I G P W
1113 ace ttt goc ogg tac acc gat gooc ogg aac goo gat ace ogg cac ooc gat
tgg aaa ogg goc atg tgg cota ogg goc thg ogg ota tgg goco ghtg ggg cota

g7fd G K G P ¥ G | G P Vv G I G P ¥V G |

1164 acc ogg aac aco gat goo ogg aac acc tht goo ogg tac acc gat goo ogg
tgg goo tog tgg ota ogg goc Thg tgg aaa ©gg goc atg tgg ota ogg gec

w4 G P ¥V G | G P Vv G K G P ¥V G | G P

1215 aac geoo gat ace ogg cac ooc ogg gta cag gbtg gha ghe aac gbe theo acg

ttg cgg cota tgg goc gbg ggg goc cat gte cac cat cag thg cag aag tgo
53 v G| G P ¥ G P ¥ L H ¥ b % D E H

1266 cgg gat gtg goo gat cbg gat cbte the acc gte gag ttt atc atec ate ate
goo ota cac cogg cota gac cta gag aag tgy cag ctc aaa tag tag tag tag
36d P I H G | o | E E & O L K O O DO D

Mhel
1317 grtg gtg gtg gtg gtg gbg gbg acc cat thg obtg teoc acc agbt cat got age
Cag Ccac Cac Ccac Cac Cac Ccac tgg gta aac gac agg tgg toa gta oga tog
1 H H H H H H H G WM © O G G T M 5 A

Xpoal
1368 cat cat GETATATC T T AAAG T TARAC AR A TTAT T T TAGAGGGEAR T TG TTATCCGETCA
gta gta CCATATAGAGGAAGARTTICAATTTGTTTTAATARAGATCTCCCOTTARC ARTAGGCGAGT
24 M

Byl
1435 AT oA T A AT T AT T AA T T IO AT CACATC TCCATCC TC TAC GO GEAC G ATT
S A AT AT AT A AT AA T T AR A OO T A T TAGACC TAGERCGA TGO GEC CTEC G TAG

1504 GreECCEECATC AT A AT T TGO TATATCRCCGRCATCACCGATCGLEAR
AT AT O O TE T C A GO AR A O GEATATACC G TETAGTGEE TACCCCTT

1573 GATCGEEC TG C AT GEEC T ATCAG T TT IO GECCTEEETATEETGGCAGGE CCCGTGGEC
CT A CCEACOEETEAACCCCEAGTACTOECGARCARRACOCECACCCATACCRACCGTCCGEGGLACCGE

Sphl
1642 GOaEGACTETEaE GO AT T T T A TaC ACC AT T O T TG e GaC G TG TE AACGECC T ARD
O T AC AR O OGO T A A AR O T AT G TG T ARG AR GO OO CACGAG TTEC CEEAGTTE

1711 CrACTACTEEEC T IO TAR T AGEACTOEC ATARCEEACAGCETOCAGA TOCCGEACACCATOGA
GATEA T AT A A R A TT A T T A TAT T O T TOEC AGC TC TAGG GO CTETGETAGET

1780 ATGECECARR AT T T TA TR ATEATACO OO GEA AGACRCTCAATTC AGGETGETEARTET
TR T T T AR A AT A e TAC TA T OO GO T N T AT TAAG TCCCACCAC TTACE

184% GRARCCAETRACETTATAC AT I AR TA T e TE T TCTTATCAGRCCETTTCCCGEGTGET
DA T I AR TA T TAC AT T ATAC GO A ACACA A TACTC TGEC AR AGEGCGCACCR

1918 GRACCAGECCAGCCACETTTCTGEOEARRACEOEEEARR R ACTEEAACOEEOEATEECGEAGCTGARTTA
O T OO T eI AR A A T T T OGO TT T I T ACC TG ORI TACCGCCTCGACTTAAT

1987 CATTOCCARCOGEOETEECACARCARCTEEOEEECARACACTOETTEC TEATTGGCGTTECCACC TCCAG
AR T T R A T TN T T A OO OO T T I T AR AR A TARCCGC AR CGETEGAGETC

2056 TOTEECCCTECACEOECCETOECARATTE T CATTAR AT TGO EOCGATCARC TG TGCCAG
AR AT OO ACCETTTAAC AT TAATTTAGAGOECCEC TAGTTGAC CCACGLTT

2125 e CE eI GA T AGAAC AR TOCARCCC TETARRCCEEOCETECACAATCTTC TCGE
GeACCACCAC A TACC AT T I TGO A T CGACATTTCCCCCCCACC TG TTAGAAGRGC G
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2154 GoARCGOETCACTEEE TEATCATTAAC TATC OGO TEEATEACCAGEATCCCATTGC TETGEARAGE TGE
O T AT A O GAC TACTAA TT AT AR TACTEETCCTAC GO TARCGACACCTTCGACE

2263 ODGCACTAATGT TGO TTATT IO T I EA T T T TEAC AR ACOCATC ARC AGTATTATTTTCTE
GRCETEATTACAAGECCECAATA A BEA AT A A A TEE T TETEEETAGTTETCATAR TAR B BGAG

2332 OCATGAAGACGE AR TR TR AT TEE T ATTEEETCACCAGCARATCGUGE TGTT
GETACT T TGO AT TEAC O A TOETAGROC A TAAC O ACTOETCGTTTAGC GEGAC AR

2401 A AT T ARG T IO T T T e T T G T T TEEC TR ATARA TATC TCACTCGC AR
T OO TAATTCAAGACAGREOCEOEC ACACCC AR EACCEACCETATTTATAGAGTGAGC GTT

2470 TCAARTTCAGOCEATAGCEEARCEEEA ACECCACTEEACTECCATE OO GETTTTCARCARRCCATGCR
AT T AR T TA TGO TN TG TEAC T Al e TACAGEOCARR RCTTETTTGETACGT

2539 ARTCCTGEAATCAGEECATCET IO AT AT TEETTECC AR CATC AGATEEC GO TGGLLGCART
A EA T T A T O T A AR T A G TAC A AR T T IO TACTC TACCGCGACCCGCETTA

2608 GO EOC AT T A AT e T O T T A TATC TOGETAGCTGGGATACGACGATACCGA
OO CE T AR TG T A A AR CAC GO TATAGRCCCATCACCC TATGC TGC TATGGET

2677 A AT AT A T A T O S T T AR A AT AR AT ACCATTTTOECC TGO TEEGEC AR R CTAG
T T A T A AR T A T A A T T TACTT T T TAAR ACTGEACCACCCCGTTTGETC

2746 OETEEACCEC T TECARC T T T AR A TEARCEEC AR TCAGC TGTTGCCCGTCTCACT
S A AR A T T AR T O T OO A T OO TTAGTC GAC AR C GGG AGA TGS

2815 GETGARAAGARRARRCCACOOTEEOGCOCARTACGEAA ACCECCTCTCOOCEEGCGT TGO CGATTCATT
O A T T T T T T A O B T T A T T T IO e ACAREEEOGC G AR C CGEC TARGTAR

28B4 ARTECAGCTEECACEACACETTTOCCEACTEEAR RGO ACTEAGIECARCGCAATTAATGTARGTT
T AT A T e IO AR A T A TT IO OO T AC TG TTGC G TTAATTACATTCAR

2953 ACCTCACTCATTAGE ACOEEEATC TOEACCEATEOC T TEAGRGCCTTCARCCCAGTCAGC TCC TTES
T AT A T AN T T T AGACC TR TAC AR TO TR ACTTGEETC AGTC GAGERAAGE

3022 eI AT A TA T T O AC T TATCAC T T T T TTTATCATGCARC TCGTAGGAC
O A OO TAC T A TAGC A O TEAATAC TEACAGARCAR ATAGTACGTTGAGCATCC TG

3091 AGETEOCEEC A T T T AT T T GO CACEAC O TTTO GO TECAGCGCGACGATGATCGGCT
TOCACGECCETOEOEAGACOCACTAR A ACCCECTCCTEEOGAR RGO CACCTOGCGC TGO TAC TAGC CGE

3160 T T e T A T T A A T T T A SO T T ARG T T ETCAC TG TC OGO CACC AR
A A A A A T A A T T A A R T O S A A T IO EAR R ACTEAC CAGGECCETEETTTG

3229 CITTCCECGAGARACT ACECCATT AT OO CEC AT ACGEETECGCATEGATCGTGC TCC TGT
CAAA O T T IO TG T AR T A G O TAC O CEEEETCCCCACCC GTACTAGC ACGAGGACA

3298 OETTGAGGACCOEEC TAGE TG T TTAC TEETTAGCAGAATEAA TCACCGATAC G GAGT
G AR T T O A T G AC OO O AR A A T A AR TOETC TTACT TAGTGEC TATGCGOTCS

3367 GAACGTEARGOEACTECTECTECAARACETCTEOEACC TEAGCARCARCATEAA TEETC TTCGETTTCC
T A T e T A A A T T T I A A O T AC TG TTET TG TAC TTACC AGA RGO C AR AGE

3436 GIGTTTOGTARAGTETEEAAACEOGEA AETC AR T ACCATTATETTCCGEATC TECATCGCAL
CRC AR A A T T A A T T O T T A TG R AT TEETAATACARGGCC TRAGACGTAGCGTE

3505 GATEC e T A T T AR A TAC AT T TAT TAACEA RGO ECTEGC AT TEAC CC TEAGTGRA
O A A A A T A A T T T AT TACACATAR TTEC T TGO CACCETARC TGRGAC TCACT

3574 TITTICTCTEETOCCECCECATCCATACC GO ACTIETTTACCCTCACAACG TTCCAGTARCCGEGCAT
AR A A A A A A TAGG TAT GO EETC AR A A A T A TETIEC AR GETCATTGGOCCGTA

3643 GITCATCATCAGTARCCCETA T T A AT T T TG TTICATCGETATCATTACCCCCATGARACE
CRAC T AT A T AT T ATACC AT IO TAGCAGREAGC A AR TAGCCATAGTARTGEGEGETACTTGT

3712 AR T A A A AT AT A AR A ACEAR AR R AT OO TTARCA TEGOCCECTTTA
O T A A A T T O N S T A T A T T T I T O T T T T T T AR TTETACC GGG OGARAT

ITBLl TCAGARGCCAGACATT ARG T T EEAGCAR AT AR AR TEEACROEEATCAAC AGGC ACACATCT
AT T T e T AA T T O A A A T T T AT T T AT TEOECCTAC T TG TCC G TC TG TAGE

3850 GIGAATCGCTTCACEACC AT TEATEAGC TTTACC A TEOC TG TTTC GG TEGATGACGGTE
CACTTAGCGARGC T TEETECGAC TAC T GARATEEOETCEACEEAGOEOEC ARRGCCAC TAC TGECAC

391% ARAACCTCTERACACATECAGC TOOOEEAEACEETCACAGC TTETC TETAAGCGEATEOCGEGAGC AGAC
T A CAC T T T A TR T T ACTETOEAACAGACATTCGCC TAC GG CC TEGTC TG

39BE  ARGCCCETC AT AR T T TR e T TOEEEEOEC ACOCATGACCC AGTC ACGTAGC S
TTOGEEECACTOOCGEECACTCGOOC ACARCCEOOC A AGOOO O TOEETAC TCEE TCAGTGCATCGE




4057

4126

4195

d264

4333

402

4471

4540

4609

4678

4747

4816

4885

4954

5023

S0%2

5161

5230

5299

536E

5437

5506

5575

5644

5713

5782

a5l

A A A T T A T A T T T AR TA T AT ACACC ACATICTACTGAGRAGTCCACCATATATG
A T A A T A T A AR T A T A O T A T IO T TARCATCAC TO TCACGTEETATATAC

DT EARATACC R A A AT TARGEACAR A ATACCEC ATCACEC GO TCTTCCGETTCC TEGOTE
oA A T T T AT T T T A S AT T T T T T AT ETACTOC EOEACGA AGEC G R CGAGCEAG

A TG A TG TG TG TG T TG TGO A CETATCAGCTCACTCARRGCC GG TAATACGE
TEACTEACCEACECEACCCAGC A A G A O TGO CATACTOGAGTEAGTTTC CGECATTATGEC

T TA T A AR A T A ATARCEC AR A AR R ATETEAGT AR A ACEOCAGC AR B BCECCAGERRC
AR AT T T A T O TA T T O T T I T TAC ACTOETITTCOGE TCETTTTCCGETCCTTG

T AARA A T T TT T T IO C A TACCC TC OO OO TEACGAGCATCACARAARTOGA
GeATTTTTCCCEOEC AR GACTECAR R A ACET A TCOEAGECGEEEEEACTCC TCGTAGTGTTTTTAGE T

O T AR T AR T EA R A A AR TATA R A TACCAGEOETTTOC COC TEGEAA GO TOC
AT AT T A T T IO T T T A TATTIC TATGE T CECAR ACGLEGACC TTCGAGE

T T T T T T O G A O T OO TTACCEGATACCTETCC GO TTTE TCCC TTCGGEARGE
GRECACEOGAGAGEAC ARG TEEEACGECEAATCECC TATEEACAGEOEEARAGAGGEARGCCCTTCG

S T T T T AT A T Al R T T A TA T T AT IO e TETAGETCE TTO GO T C ARGE TEGEE
A A A A A TA T A TR A AT ATACACTC ARG AT AT CAGC A RCC GAGETTCGACCCE

T T AT GAR OO T T A G A T TTATC O TARC TATCGTC TTGAGTCCARC
A A AT T T EEEEEEC ARG T TEEOEAC G GEARATAGEOCATTGATAGCAGARAC TCAGGTTG

OO T AR A A AT AT A T e AR A A T EETARC ACCATTAGC AGAGCGRGETATGTA
GO AT T T TEAA TAGC A O IO T e TEACCATIE IO TAATCGTC TCGC TCCATACAT

S T T A A A T T T T AR T T O T AR TA R TAC A TACAR CCAC ACTATTTGETATC
O A AT T T AAGA AT T A A A T AT A TETEATCTTC CTETCATRARC CATAG

T D T A A O A T T A T IO G EAA A A A A T T TACC T TTGATC CGGCARRC AR AT ACT
A AR A T TG T AR T AR TT T T IO T AR AT CACARC TAGGCCGTTTGTTTGETGE

ST LA T T T T T T e T T T e AR A ACATTACEOEC AGAR R AR B A CEA T TC ARGRARGAT
CEACCATOROCACCAR AR A A 8 A T I T T TAA TGO T TITTT T TCC TAGAGTTC TTE TA

T A T T T T TAC e T T A GO T A TEEARC AR A R T ACETTARGGGATTTTGETCATG
GEAARCTAGAR A BEA T OO A A T AT A T TTT I A TECARTTCCC TAR R ACC AGTAC

AR AR AR A A T T T T A AT AR A T AR T A AR TE T TATEACGC CATATTC AR CEGEAR AT
T A T T T A AR A A T T AT T e T AT TAT T IO ACA A TACTCGETATARGTTGCCCTTTE

S T T T A OO A T T AR A T T AR A T A T TEATTTATAT GGG TATAR R TEEGC TCGC GA
A A A A A T O T AR T T T ARG T TACC TACGAC TARATATACCCATATTTACCCGAGCGCT

A T T A A T A T e A AR T T AT AT T TATEEEA A CEATGCGC CAGAGTTGTTTCT
AT A A T T AT O A T T TACATAGC TARC A TACC O TTOGEEC TAC GOGGTC TC ARC AR A G

AR A A T A A A T A T T AR T AT T TAC AGA TEAGATEETCAGAC TAR AC TEEC TGACGGRA
T e LA T T A T AR TTAC TAC A AT T TACTC TACCACTCTEGATTTGACCGAC TECCT

AT A T T T A AT AR A T T T T AT O TAC T TEATCATECATGETTAC TC ACC AC TG
AR T A A A A T TAC T IO TAR R A TR AT CACEACTACTADETACCAR TGAGTGETEACE

AT EGEAR R A A AT T A TATTAGAACA A TA T TCATIC AGETGAR R R TATTGTTGATGE
A T T T T T T AR N A TAA T T T TTATACGACTARGTOCAC TTTTATARC AR CTACE

T A T T T T R S T T A T T AT T T T T T TAATTETOC T T T TAAC AGCGATCGCGT
A T A A A A O A R T AR TAAGEACA A R ATTARC AR R R B TTETCGC TAGCGCR

AT O N O T A AR T A GA A T AR TA A S TT TR TICATCCGAGTGATTTTGATGAC GA
A A A A A A DO OO T T A T T TAC TTAT IO CARAC AR TAC GO TCAC TARR RO TACTGCT

ST A T T T T I EAAC A AT T EEAR AR A A T ATAR A TTTIEC CATTC TCACCGEATTE
O A T T A A A A A T T T T ACAC T T T T T TACGETATTIEAR R ACGETARGAGTGEC CTARG

AT A T AT T EA T T I T A T I A TARC T TAT T T T ICACCAGEEER AR TTAR TRGETTETAT
A A T A T A A T A A A A T A A T A T T AR T AR R A AT T T CC T T TAA T TATCCARCA TR

AT A AT OEEA A TR AR A TACC AGEATC T CATCC TATGEARC TEOC TEGETGA
AT A AR T T A T T A T T TA T T CTACARCGETAGEATACC TTEACGGAGCCACT

ST T T T AT A A AR A T I T T AR A A TA T TATICATAATC CTGATATCARTARATT
A A A A A T A A T T T T A A A A A T T T T TATAC T ATARC TATTACCAC TATAC TTATTTAR

AT T A T T A T T A T A T T T T T T AACA A TTAA T AT CACOEEA TACATATTTGARATGETA
T AR R TAR A A A TR T AR A A A A TTC TTAATTARCTAC TGO C TATGTATARACTTACAT

C-21
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D920 TITAGARARATARARCEASTA T TOCEOECACATT OO EAR AR TECCACC TGARA TTETARRCG
AT T T TAT T eI T T AT O OO ARG T TAARC G TTTTCACGE TEEAC TTTARCATTTGE

B9BY TTARATATTI TG TAARA T T TARATT I TG I TARATCAGCTCATTTTI TAACCAR TAGGCCGRAR
AT TATARRACA AT T T ARG AR TTTAA AR A AR TTTAC T CACTARARRA TTEGTTATC C GG TTT

6058 TG ARA AT T A TAR AT AR R ACA A T A AT ACATAGEETTEACTET TETTCCAGTTTGEARCE
AT T T LA AR TAT T TAG T T T T TA T T T TAT O C AR T ACA R C A ACGTC ARACCTTET

6127 AR A A T A A A A T A T AR T A A A O AR A R AT T TATC ACGGECEATEECC
AT EA T A T T T N A T AT T AT T TGO TTTT I EECAGATACTCC CGC TACC GG

6196 CAalTaleTEAr AT AT AT AT T T T T T CAGE T ETARRCC ACTAA AT GGERARCT
AT AT T TACTEEEATTACT T AR R A A AT ACCTOCACGECATTTOGTCATTTAGCCT TGS

6265 CrARAGEERECC AT T T ACACC T ACE AR R RO EA A TEECGAGAR AGCARGGEARGE
AT TG TAR AT T CAR T OO T T IO EEO O T TR ACCGC TC T T TCC T TC OO TTCT

6334 AAGOEARAGEAGEEEEOECTAGEEC TR ARG TETACCEETCACEI TR GG TARCCACC AR ACCCG
T T T T OO A MO O A O T T A AT GO AT A EC G A T TG L TEE TG TEEED

6403 COGCECTTAATGECEOOECTACAGRECGOGTCCCATTCGCCA
GEOECEARTTACEDGECCATETOCCECGE AGGETARGCGET
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Strain/Plasmid Collection

Submitted by Sarah Heilshorn Date May 10, 2004
Strain name AF pNS-CS5-ELF

Vector (kb) pET28aRW-[CS5(ELF);];-pheS* or pNS-CS5-ELF
Cloning site See plasmid map.

Construction

Ralf Weberskirch designed the pET28aRW vector which replaces the cloning region of
the pET28a vector with a new polylinker region that includes a T7 tag, His tag,
enterokinase cleavage site, Xhol restriction site, and stop codon. Nandita Sharma used
the pET28aRW vector to create an aECM construct with the CS5 cell-binding domain
and the elastin-like sequence (VPGIG),VPGFG(VPGIG),, which is referred to as ELF.
PCR was used to amplify a region of the pKSS vector (Kast, 1994) that includes the gene
encoding the A294G mutant for E. coli PheRS o-subunit. This PCR product was inserted
into pUC19 at the Smal site to create plasmid pUC-FS and subcloned into pET28aRW-
[CS5(ELF);], at the Sphl site. This plasmid was transfected into the AF E. coli strain,
which is phenylalanine auxotrophic. Details can be found in the references below.

References
Kast P, Gene 1994. 138:109-114.
Sharma N, Thesis, University of Massachusetts, Amherst, 2002.

Color codes for plasmid maps and DNA sequences

red original pET28a vector

green RW polylinker designed by Ralf Weberskirch
cyan cell-binding domain

blue elastin-like domain

yellow pheS* gene subcloned from pUC-FS at Sphl sites
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Plasmid map

Xhol (172)

AT origin

aECM phN3-C355

ori (5287)

PET28aRW-ICS5(ELF)513-pheS*
(8369 bp)

phes”

Positions of elements in bases

pET28aRW-[CS5(ELF),],-pheS*

Vector size 8369
Kan 6996-7808
f1 origin 7904-8359
lacl 3774-4853

ori 6287
aECM region 165-1598
pheS* 2358-3341

Culture conditions

For incorporation of noncanonical amino acids, grow in M9AA supplemented with all 20
amino acids. Cells can either be harvested and shifted into M9 with 19 natural amino
acids + the noncanonical amino acid or grown until Phe is depleted from the original
MO9AA and supplementing with the noncanonical amino acid without a media shift.




Full sequence

1 AT CCEEATATAGTTCC T T T AR AR AR ACT T T ARGADCCETTTAGAGGCC CCARGGEGETTATG
TAGCCTATATCAAGGAGGAARCTUOETT T T T DA AT I T AAATC T TTECCCARATAC

0 AT AT T T AT AR A A A T A T IO TT TG TTTGTTAGCAGCCGGATCTC
GATCAATAACGACTC AT OGO T NG A T AR AR A CGEARRC A TG TC L CCTAL
Xhol (172)
135§ ACTEETEETEETCETEGTGCtogact tha tha otc gag ogg cac ooc gac acc ogg

TCACCACCACCACCACCACGAgCTga
4764

195 aac
thg
4EE4 W

246 cac

g
4514 v

297 ogg
goo
4344 P
34E acc
tgg
4174 G
399 acc
tgg
4004 G
450 tac
atg
3834 W
501 tac

atg
I6E4 W

552 cgg
goo
3454 P
603 ogat
cta
3324 |
654 goo
©gg
3154 G
705 cac
gtg
2964 W

756 cac

gt
2814 v

807 cogg
goo
2644 P

858 coo

994
2474 G

aco
tag
G
acao
tgg
G
tac
atg
W

tac
atyg
W
<gg
goo
P
acco
tgg
G
goo
°gg
G
cac
grg
W
Fadals
gac

°gg
goo

ooC

99
G

goo

g ogq

G
gac
ctg

W
gac
ctg

W

tac
atg
W
°qg
goo
P
aca
tag
G
goo
°gd
G
cac
atg
W
cac
qrq
W
g9
goo
P
ooo
799

gat
ota

gac
otg

gac
otg

°gg
goo

aco
tag
G
aco
tag
G

goo

°gg
G

cac

aTg
W

cac

atg
W

ogg
goo
P

ooC

94
G

goo
°gg
G
gac
ctg
iy

ogg
goo

CTC

gag

acao
tgg
G
aco
tag
G
aac
thg
iy
gaa
otk
F
ogg
goo
Fl

°g9
goo
P

Coo

a4
G

goo
°gg
G

gac
oty
W

gac
oty
W

ogg
goo
F-

aca
tag
G
gta
cat
¥

tto
287
E

gaa
otk

g9
goo
F-

goo
ogg
G

goo
°gg
G

das
ttg
W

gac
ctyg
W

gac
otg
W

°gg
goo
P

acc

tag
G

dcc
taq
G
aac
ttyg
W

gaa
ottt
F

cag
gto

acc
g9
G

goo
ogg
G

aac
ttg
W

cac

qtg
W

ogg
goo
P

acoc

tag
G

acc

tag
G

acoc

tag
G

dac
ttg
W

gaa
ctt
F

°gg
goo
P

goo
°gg
G

goo
°gg
G

gtg
cac

gtc
cag

ogg
goo
P

acc

tag
G

acc
tag
G
tac
atg
W
tac

atg
W

aat aat g

gaa
ctt
F

ogg
goo
P

goo
ogg
G

goo
°gd
G

aac
ttg
W

cac

qtyg
v

ogd
goo
P
gta
cat
¥

qag
oto

tac
atg

tac
atg
W

ogd
goo
P

acc

tgg
G

goo

1)
G

goo
ogd
G

adac
ttg
W

cac

atg
W

ogg
goo
F-

acc

tag
G

acc

tag
G

tac
atg

gto
cag

ogg
goo
P

acc

tag
G

goo
g9
G

cac

gtg
W

cac

atg
W

°gg
goo
F-
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ag ctc goc gtg ggg otg tgg goc

E

ogg
goo
P

acc

tgg
G

acc

tgg
G

tac
atg
W

tac
atg
W

ogg
goo
P

acc

tgg
G

aac

Tty
W

cac

gtg
b

cac

gty
W

ogd
goo
P

CCC

999
G

goo
ogd
G

gac

ctyg
W

L

tac
atg
W

tac
atg
W

°g9g
goo
P

acc

tgg
G

goo
ogg
G

cac

qtyg
v

cac

qtg
by

gt
cag

ooC

994
G

goo
o499
G

gac
otg
v

gac
otg
v

g9
goo
P

acc

tgg
G

Fl

acc

tag
G

goo
°gg
G

cac

atg
v

cac

gty
W

°gg
goo
P

CoC

q499
G

goo
ogg
G

tko
aag
E
gac
otg
v

°gg
goo
F-

acc
tag
G

aco
a9
G
aac
ttg
W
gaa
ctt
F

iy

cac

qtg
v

ogg
goo
P

CCC

q499
G

goo
°gd
G

gac
oty
W

gac
otg
W

g9
goo

P
acg
ol [ad

aco
tag

aac
ttg

gaa
ottt

ogd
goo
P

goc
ogd
G

goo

1)
G

G

goo
ogd
G

gac
ctg
W

gac
oty
W

ogg
goo
P

acc

tag
G

acc

tag
G

aac
ttg
W

ogg
goo
P
ogg
goe
P

goo
g9
G

goo
g9
G

aac
ttg
W

cac

atg
W

<99
goo
Fl

W

ogg
goo
P

acc

tgg
G

acc

tgg
G

aac
ttg
W

gaa
ottt
F

ogg
goo
P

goo
ogd
G

gat
cta
I

aac
ttg
W

cac

gtg
W

ogg
goo
P

acc

tgg
G

aco
tag
G
tac
atg
W

G

aac
ttg
W

gaa
ottt
F

°gJg
goc
P

goc
°gJg
G

goo
ogg
G
aac
ttyg
W

cac

qtg
v

gty
cac

acc
tag

anc
tag

tac
atg

tac
atg
W

g9
goc
P

acc

tgg
G

Fl

goo
ogd
G

goo
ogg
G

adgc
ttg
W

cac

gty
W

°g9
goo
P

acc

tag
G

acc

tag
G

goo
ogg

tac
atg
v

ogg
goo
P

acc

tag
G

goo
g9
G

cac

gty
W

cac

atg
W



a0%

goo ogg aac goc Cac acc ogg fac oof Jac act ogg aac aco tac goc ogg
©gg goc thg ogg gtg tgg goc gbg ggg obg tgg goc thg tgg atg cgg goc

2334 G P ¥V G ¥V G P ¥ G VW G P ¥ G ¥V G P

960

gac acC gaa goc ogg tac aco fac goc ogg aac goc fac aco ogg cac ooo
ctg tgg ott ogg goc atg tgg gbtg ogg goc thtg ogg gtg tgg goc gtg ggd

2134y 6 F G P ¥ G VW &6 P W G W G P VW G

1011

cgg gta cag gtg gta gtc aac gkc thc acg ogg gat gbtg goc gat chbg gat
goo cat gte cac cat cag thg cag aag tgo goo ota cac ogg oka gac cta

19ed P ¥ L H ¥ b v O E R P | H G | o |

1062

che tic acoc gtc gag o©gg Cac ©OC gac acc ogg aac acc tac goo ogg gac
gag aag tgg cag obtc goc gtg 999 otg tgg goc thg tgg atg og99 goc otg

14 E E G D L F ¥V 6 ¥ 464 P Vv G vV 4G P W

1113

acc gaa goc ogg tac acc cac goc ogg aac gOC CAac acc Ogg Cac ooc gac
tgg cott C©gg goc atg ©g9g gtg ©99 goC thg ©99 gtg tgg goc gtg g9g9 otg

lg24 G F 4 P ¥V GG VWV G P VWV G ¥V G P W G W

1164

acc ogg aac acc tac goc ogg gac acc gaa goc ogg tac acc cac goc ogg
tgg goo ttg tgg atg ogg goc otg tgg ctt ogg goo atg tgg gtg cgg goo

454 G P ¥ G V¥V &G P ¥ &G F G P W G W G P

1215

aac goo Cac acc ogg Cac oof gac acc ogg aac acc tac goc ogg gac aco
ttg cgg gtg tgg goc gtg ggg ctg tgg goc tig tgg atg ogg goc ctg tgg

124 ¥ G ¥ G P ¥ G ¥ G P VWV G ¥ G P W G

1266

gaa goC ©gg tac acc cac goc o9 aac goc fac acc ogg cac o000 gac aco
ctt cgg goc atg tgg gtg ogg goc thtg ogg gtg tgg goc gtg 999 otg tag

MmM4rF o P ¥v G ¥V G P ¥ G ¥ G P VvV G V¥V G

1317

£gg aac aco tac goc og9 gac acc gaa goc ogg tac acc cac goc ogg aac
goc ttg tgg atg cogg goc otg tgg ctt ogg goc atg tgg gtg ogg goc ttg

w4 P ¥V G ¥ &G P V¥V G F &6 P ¥V G VW 4G P VW

136E

goC Cac acc ogg Cac oo gac acc ogg aac acc tac goc ogg gac acc gaa
g9 gtg Tg9g goc gtg 999 otg T9g goc Thg Tgg atg o9y goc obg tgg ottt

TG ¥V G PV G VWV G P WV G VWV G P V G F

1415

goo ogg tac acc cac goc ogg aac goc Cac acc ogg Cac ooc ogg gta cag
°g9 goc atg tgg gtg og99 goc thg 99 gtd tgg goc grtg 999 goc cat ghe

64 G P VW G VvV G P W G ¥ G P ¥ G P Y L

1470

gtg gta gtc aac gte thto acg ogg gat gbg goc gat otg gat ote the acc
cac cat cag ttg cag aag tgoc goo ckta cac ogg ota gac ota gag aag tgg

434 H ¥ O ¥ D E H F | H G | O 1 E E G

1521

gtc gag ttt atc atc atc atec gbg gbtg gbtg gtg gtg gtg gtg acc cat thg
cag ctc aaa tag tag tag tag cac cac Ccac Cac Ccac cac cac tgyg gka aac

261 D L K O ] B ] H H H H H H H G M O

1572

Mhel (1588)
ctg too acc agt cat got age eat cat GOTATATCTCCTICTTAARCTTAARCAARATTA
gac agg tgg teoa gta oga tog gta gha OCATATAGACCARGAATTTCAATTTGTTTTAAT

ad O G G T [ 5 A M 12
¥bal (1635) Bglll

1632

1701

1770

1835

1908

T T T AGA AR T T T T AT O T ACARTTOCCC TATAGTGAGTOGTAT TAA TTTC UG A TUR
AARAATCTODOCTTARCAA T A AGTCTTAAGGGGATATCAC T CAGCATARTTARRUCCCTAGET

CTAGAGCTAGEAEAT OO TECET A ACCCECOETACTEECCEOEETETC CACGCCAR CEACCGECG

CTATATCEOOGAC AT A CGATEEEEAACA T CEEC TR CACTTCEEECTCATEAGCGE TTETTTCGE
GATAT AR T T AT TAC O T TAGC OO AT ARG OO AT AC TG AR AR RGO

Sphl (1898)

GACOCAT A AT AT A AR CCC U TR R R

C-26



1977

2046

2115

21E4

2253

2322

2351

1zW
2460

3Gk
2625

SEF
2558

BLM
2667

104k
2736

127k
2805

150k
2874

173k
2943

196k
joiz

219k
a0el

242k
3150

Zask
3219

ZeEk
12BE

11N

1k
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3357

426

3455

a564

3633

702

77l

J840

3909

1978

4047

4llé

41B5

4254

4323

4352

ad6l

4530

4599

4666

4737

4806

4875

4944

5013

5082

5151

Sphl (3599
CatCATTOCTTEOEEOEEIEETEC TCARCGECCT
gtacs'rasmmcacmmccm

A A T A T A T . T T O T A T A A T AT ARG ACACCETCCAGATC COGEACACTA
A T EA T A A A R A TTAC T T AGCETATTC OO IO TOECAGE TC TAGRGCC TG TGET

AR TR A AR A T T T O e T AT ATEATACC CO A RCARAGTC AR TTCAGEETGETGA
A T A e T T T AR A O AT A e TAC TAT OO OO T TCTCAGTTARGTCCCAC CACT

AT AR A A T AR T T A T A A T T e ARG TA T GG TETC TCTTATCAGRCCETTTECCGEG
A A T T AT T AR T AT T A A T T A TAC GO CAC ACACAATACTC TEEC ARG GEEGT

AR A A AT T I IO AR A A ECEEEAR A A R TEEARCCGEC GATGROGEAGCTGA
A A T T e T e T AR A A TT T IO OO TTTT I ACC TIOGCC GO TACCGCC TCGAC T

AT A A T AR T A AR A A T AR AT ACTCETIECTGATTEGCGTTGCECACCT
AR T T A A T T O G A O T T T T T A RO T T TETC AGC AR EAC TARC OGO ARCGETGER

O AT T T A O GO O AR A TT T OO O CATTARATC TCGCGCCGATCARC TEEETG
T A A A T O e A T TTARC A O CCC TAATTTAGAGC GO GG TAGTTGACCCAC

O A N T T T A TEET AGA A A AT A A O TETA R RECGECGETCCACAR TCTTC
TG AC AT A A T A A T T I T IO e A T GEACATTIOGCCGCCACGTGTTAGRAG

T AR T AT T AT ATTARC T AT OO O T A TEACC AGEA TCCCAT TGO TETGGARG
AT T ACTCACC A TACT AR TTGATAGCOCACC TACTEETOCTACGGTAACGACACCTTC

T A T A A T T T O O T AT T T T TEA T T T T A C AGACACC CATC ARC AGTATTATTT
A A TEATTAC ARG AR TAR AR AT TAC ACACAC TEETC TETEEETAGT TG TCATAATARR

A TG AAGACCET A O A T TEEACC AT TEETCCCATTEECTCACCAGCARA TCGCEGE
ARG AT T IO A TGO TEACC R ACC IO TAGRCCAGCETARCCC AGTEETCGTTTAGCGCG

T T A GEEO AT TAAGT T T T TGO O T TR T TR TEEC TGECATAAATATC TCACTC
ARG TARTTC ARGAC AGACO OGO A AT AGACCEADCEAC C G TATTTATAGARCTGAG

AT AR AT T AT O EA T A A AR AR EAC TEEACTECCATETCCGETTTTCARCARRCCR
T AT AR T T A T T T O T T O TEACC TCACGETACAGGCCARARCTTETTTGGET

T AR A T A A T A AT T T O A TR AT T E T IO CAACEATC AGATGRCGCTGRECG
AT T A A T A T OO T A AR T A TAC A C AR CETIEC TAGTC TACCGCGACCEGE

AR O AT T AT A T T O T T T CEATATC IO CETAGCTGEEATACGACGATA
AT AR T T A EA O A AT C AT O TATACAGOCATCACCC TATGC TGO TAT

AR A A T A T T T AT A T OO O T T AR A AT AR A ACEATTTTCGCC TGO TGREGLARS
T N T A T A AR T A T A e A A T T TACT T I IO TARR R GEACGACCECGTTT

O A N AT T T T A A T T T A A e TEA ACEEC AR TCAGC TETTGCCCGTCT
e AC T AR AT T EAGA A TG T O AC T IO OO TTAC TCGAC ARC GEEC AGR

CRCTEETEARRREARA A A A TEECECOC AR TACEC AR ACCECCTOTOCCOGCECGTTGEOCGATT
A A T T T T T T e T e A O e TTA T TT TR CEACACGEEC GOGCARCCEGUTAR

CATTAA T AT A AT A T T O A TEEAR AT EEEC ACTEAGC CCARC GO AR TTARTGTA
CrAATTACC TGO TN AR A T A TT TGO CCTCACTCGC GTTGCGTTAATTACAT

AT AT AT AT TAGEC AR EA T IO CAC AT RO TIEAGAGOCTTCARCCCAGTCAGC TCC
AR T A TEAETA A T IO T AR TR TR A AT TOEEA G TTEECTCAGTCGAGE

TG TG G A TG A T A T TG ACTTATGACTETCTICTTTATCATGCARCTCGTA
ARG A TAC T A TAGC AR GO TEAATAC TEACAGARCA R A TACTACGTTGAGCAT

A A T O A T T T A TT T T O R AR DO TT IO TEEAGC GO EACGA TEATC
COT T A GO TR AR AGTAR A RGO OB IO TEEC A ARG CACC TCGCGC TGO TAC TAG

T e T I G T AT IO EAA T T IR ACCO O IO T ARCC O TTIOGTCAC TEETCCC GO CAC T
COEEACACOEA RO AT ARG TTAGA A TG CCACCCACT IO CEARCT ACTGACCAGGECGETGE

AR AT TOEEOEAGR A A ATTATO GO G AT RO OO ADEEE TECGCATEGATCGTGCTC
TG AR T T T TG TAA T A OO TACC OO CEEETEOCCACGCGTACTAGCACGAG

C-28
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5220 DT A A T A T e T TTAC TEETTACC AGA A TEAR TC AC CGATACGC
GARCACC AR T T OO AT A O AR CEAATCACCAATCCETCTTAC TTAGTGGC TATGCG

52B% GAGCGEARCGETEAAGCTGACTECTECTEC AR ARCETCTECEACCTEACCARCARCATGARTGLETC TTCGET
O T T A T IO T AT A AT T T I ACAC G TEEACT O TIETTG TAC TTACC AGARGECA

5358 TICCGTETTICETARAGTC TEEAARCGOEEARCTCAGC OO TECACCATTATETTCCGGATC TGCATE
AR A A A A A T T T A A T T D e O T A T O A T EETAATAC A RCCC C TAGACGTAG

5427 GaGEA eI T e TAC O T T EEAAC A TAC AT TETAT TARC ARG CC TGECATTEGACCCTGA
OO T ARG A T A A T T T AT TAGRCATA AT TIOGCGACCGTARC TEEGRCT

5496 GLEATT T TG T O AT AT A O AT TTTACC O TCACAACCTTCCAGTARCCGE
AT A A A A A A A A T A T A T O T AR AR AT AT T TECARGETCATTGECC

5565 GATETTCATC AT CAGTAAC O TATCETEACCATCC T T TOETTTCATCGETATCATTACCCCCATG
TR A AT A T A T AT TEEEC AT A A IO TAGEAGACAGC AR ACTARCC ATAGTAR TEGEGETAC

5634 AACAGRARTCCCOCTTACACGEAGECATCACTEACCARRCRGEAR R AR ACCGECC TTARCATGECCOGE
T T T A AR T T T O T A T A T T T T T T T T T e GGEAA TTETAC CGEGECGE

L7003 TIrA A AR A A A T AR T T A AR A T AR AT TEEAC GO GEATGARC AGEC AGAC
AR AT T IO T T AR T IO AR A N TTTGACT IO TOCACC TECGCC TACTTGTCCGTC TG

5772 ATCTETEAATCEC T ACCACCACE TEAT A TTTACC G AGC TEOC TOGCGC G TTTCGETGATGAS
AR A T A A A T T T A TAC T A A A TR TOEACEEAGCGCGCAR RGO CACTAC TG

5841 GETGAARACTTCTGACACATCC AT IO CEACACCETCACACC TICTC TETAAGCGEA TGCCGEGAGE
O AT T T EEAGRCTETETAC IO AT IO ACTE T CAAC ACACATTCGC CTACGECCCTCG

5910 AGACAAGEOCETAGEECEOETE AT T IO EEETETOEEEEOECAGCCATGAC CCAGTCACET
T TG AT OO A TOEO O A AR OO O A AR OO TOGETAC TEGETCAGTGES

SOTE A AT A A T AT A T T T AAC T AT O AT AR ACATTCTAC TGAGACTECACCATS
T AT T A A TATEAC A AT T A TAC OO TACTC TG T TARCATGACTC TCACGTGGTAT

6048 TATECEETETEARATACCECACACA TECETARGEACA R ATACOECATC ARGEGE TC TTCCGC TTCO TE
AT A A A T T T AT T T TAC G AT T C T T T T T AT O TACTOC GO GAGARGECGARGEAG

6117 GOTCACTEAC T TG MO T T TG T GO GACCEETATCACGC TCAC TCARAGEC GG TAAT
CEACTEACTCACOEACEO AT AR A A E AT IO CATACTOGAGTGAGTTTCCGCCATTA

6lEE ACEETTATCCACACA A T A EATARC G ACCARREARCATETEAGCARARCGUCAGCARBAGECCAG
T A T A T T T T A T T A T IO IO T T T I TACAC T TTTTC CEGTCGTTT TEC GG TE

6255 GAACCETARA R A T T T T T T T C AT A IO EOC OO TCACGAGC ATCACA R A AR
T CECATT T TGO AR A AR A A AT AT AR CEEEEEAC TEC TCGTAGTGTTTTT

6324 ToEACECTCARGTCAGACETEECEAARCCOEACAGEACTATAR ACATACCAGECGTTTCCCCC TGGERAG
A A T A T O A G T T I e e T N CTEATAT T IO TATGETCC G AR AGGGEGACCTTE

6393 DT T T O T T T O A T OGO TTAC O A TACC TETCCGCC TTTE TC OO TTCGGE
GRCCEAEC A ACACCAC ARG TEEEAC AR T TATCEACACCC GEARACAGGEARGCCC

6462 AAGCETEECECTT IO T AT A T AT T TACCTATC T CACT IO CETETAGGTCGTTC GO TC CARGCT
T A AR A A T A T A T A AT CATAGRE T A RGO AT ATCC AGC A RGO GAGETTCGA

6531 GEECTETETECACEAA OO T T A OO A e T RO TTATCCEETAAC TATCGTC TTGAGTC
OOCGAC A AT T TG EE AR T O T AT CEARATACCOCATTGATAGCAGARC TCAG

6600 CARCCCEETARGACACGACTTATC RO ACT AT RGO ACTEETARC ACGATTAGCAGAGC GAGGTA
ST AT T T T T AR T A e T A O IO TG TEACCATTETCC TAATC GTC TCGC TECAT

6EEY AT T A A A T T T AR T T CTARC TAC GG TACACTAGA AGGACACTATTTGE
ACATCOEO A GATE T T AAGA A T A AC AT TEAT OO EATETEATC TTCC TETCATARACT

6738 A T T T A A O A T T A T T O AR R A A A T T TACC T TTGATC COGC AR AT AR A
AT AR A AT A T AR TEEA RGO TTT T I TC AR ATOEAGARC TAGGCCGTTTGTTTG

6807 A e T A T T T T T T T e ARG AR RCA TTACEOEC AGAR AR AR ACEATC TCARGE
GREECEACCATOROCACCARA AR R ACA A AT IO TCETC TAATEOEOETCTT T T T TTCC TAGAGTTCT

6876 AR T A T T T T A e T T A S T A T A A AR A AT TCAC G T TARGEGATTTTCGT
TCTAGEARRCTAGAR A A AT OO ACAC TR TCACCTIECTTT I AGTGCARTTCCC TARRACCS

65945 CATGARCAATARRACTETC T TTACATARRCACTAATACA AGEEETETTATEAGCCATATTC ARCEGE
AT AT T T Al AR A A T TAT T I T AT TATE T IO C O CACAATAC TCGETATARGT TGO CC

T014  AA s T T T A e O S A T T AR A T T AR A T AT TEATTTATATGEGTAT AR TEEGC TC
T A A R A A T OO TAR T T TARGE T I TACC TACCACTAR ATATACCCATATTTACC CGAG



C-30

T0B3 GOGA AR T A T A T e A A A T TAT AT T TAT ARG CGATGC GO CAGACTTET
O TATTAC A OO TTAG T A TETTAGATAGC TARCATACCCTIOEEGE TACGUGETC TCARCA

7152 oo TGAR s AT AR AT A T O AR T AT TTAC ACATEACATEETCAGRC TAR RO TGECTEA
AR AT T T T AT T T AT O AR e T T A TACAA T T TAC T TACCAGTC TEATTTGACCGACT

7221 AT AT T T A AT A A AT T T T AT O TAC T U TEATEATGCATGE TTAC TCACCA
BT T ARA T A A A A T TAC TN TARA A TAGEC AT CACGACTACTACGTACC AR TEAGTGET

7250 CrECEA T OEEEAR A B A A T A TATTAGRACA A TATC U TEATTC AGETGARR R TATTETTG
A T A T T T T T ARG T A TAA T T IO TTATAGEAC TAAGTCCACTTTTATARC ARE

1359 A T A N T T e R T AT T AT T O T T T I TAA TG TCC T T T TARC AGCGATC
TR R eI AT AR A OO AR ARG TARCEACAR AT ATTARC AGGAR AR TTGETCGETAG

T4ZE GOGETATT IO TG T A A A T A AT A A TA A TT I EETTEA TGO GAGTEATTTTGATG
O AT ARG AR AT O T TACT O TTACTTAT IO CARACCARCTACGC TCACTARARC TAC

7497 ACGACC AR T T T TICARC AT TEEARAGAR AT ATARACTTTTGOCATTC TCACCEG
T T AT T A A A AR T T T T ACAC T T T T TAC G TAT T TEARA R AC GO TARGAGTGGOC

1566 ATTCAGTCET Al T AT AT T T A T EATARCC TTATT T T T EACGAGGGEARATTARTAGETT
A A T A A T A T A A T A A A A T AR TAT T AR TAR A A AT TECTCCCC T TTAR T TATCC AR

7635 GraTTEATET I EEACCACTOEEA AT ACACCCATACCARCATCTIEOCATCC TATGGARC TGCCTCG
CATARC T A AR T T A T T A T TG TATGE T TAGARCEETAGEATACC TTGACGEAGT

7704 GrEACT T T T AT T A ACAR A e TT T T T ARAAATATEETATTGATARTCC TEGATATGARTA
R AR A A A A A T A A T T T T D AR A A A T T T T TATACC ATAACTATTACGAC TATACTTAT

7773 AR AT AT T A T IO AT AT T T T I TAAGAATTAATTCATEAGC GEATACATATTTGAR
AR T A A T A A A T A A T AT AR A R A A T TTAATTARCTACTCGC CTATGTATARRCTT

T2 TETATTTAGAARRATARACAA AT AT IO O ACATT IO COGARAAGTGCCACC TEARATTGTA
A AT A A T T T T A T T G T T T A T O AR T T AR TTTICACGE TGEAC TTTARCAT

7911 ARCETTAATAT T T TAAR A T IO T TAAATT T T T I TARATCAGCTCATTTTTTARCCARTAGGCC
T AR T TATAAR A A A TT T T ARG AATTTAAR A A AR TTTACTOEAGTAARR R B TTGETTATCC GG

TOBD GARA TG AR AT T TATAAA T AR R ACAATACADCEAGATAGEETTEACTETTE T TCCAGTTTGE
O A T T T T A A A T AT T T AT T T I T T AT T T TATC O AT AC AR C R B CETCARRCC

B04% AACRACAETCCAC AT TAAREA BT A O AR T AR RCEECEARARRCC T TATC AGGECGAT
T T A T A TAA T T T T A T A TR AT T IO OO T T T TGO AGATAGTC CCGETA

BllE A A AR AT AT AR T AR T T T T T e IO AT RO G TARACCAC TAR R TCGG
OO AT AT I TACTEEEATTAGT T AR R A A AT AR IO ACGECATTTCGTGATTTAGCC

BlET7 ARCCCTAR R OO A TTTAGACC TTEACEREEA R A EEOEAACG TGO GAGAR BCGAR GGG
AT T O T TAA A T TOEARC TEO O T T IO EEO G TIECACC GO T TTTCC T TO S

8256 AAGARAGCEARRCER T A TR ARCTETACCCETCACGC TGO GEGTARCCACCACH
T TG T T IO OO OO AT OO A T T AC AT ACTEOGACGCGCATTGGTEGETET

B35 OOOECCECECTTAATEOGCCECTACAGEGCEOGTCCCATTCGOCA
GO A A TTAC OO A TETOCC GO G AGRE TARCCEET
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Strain/Plasmid Collection

Submitted by Sarah Heilshorn Date May 10, 2004
Strain name BL21(DE3) pLysS/pET28aRW-RGD

BL21(DE3) pLysS/pET28aRW-RDG

Vector (kb) pET28aRW-RGD or pET28aRW-[RGD(EI-IK),], (6.407)
pET28aRW-RDG or pET28aRW-[RDG(EI-IK),], (6.407)

Cloning site See plasmid map.

Construction

Ralf Weberskirch designed the pET28aRW vector which replaces the cloning region of
the pET28a vector with a new polylinker region that includes a T7 tag, His tag,
enterokinase cleavage site, Xhol restriction site, and stop codon. Julie Liu used the
pET28aRW vector to create an aECM construct with the RGD cell-binding domain and
the elastin-like sequence (VPGIG),VPGKG(VPGIG),, which is referred to as EI-IK. The
RDG domain is identical to the RGD cell-binding domain, except the codons for RGD
have been scrambled to encode RDG as a negative control for cell culture experiments.
Details on the cloning scheme can be found in the reference below.

References
Liu JC, Heilshorn SC, Tirrell DA. Biomacromolecules 2004. 5:4970504.

Color codes for plasmid maps and DNA sequences

red original pET28a vector
green RW polylinker designed by Ralf Weberskirch
cyan cell-binding domain

blue elastin-like domain
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Plasmid map

Only the plasmid map for pET28aRW-RGD is shown. The RDG plasmid map is similar.

Xhol (172)

i

PET28aRW-IRGD(EI-IK)413
(6407 bp)

ori (4325)

Positions of elements in bases

pET28aRW-RGD

pET28aRW-RDG

Vector size

6407

6407

Kan 5034-5846 5034-5846
f1 origin 5942-6397 5942-6397
lacl 1812-2891 1812-2891
ori 4325 4325
aECM region 165-1337 165-1337

Culture conditions

Shake flask: 2xYT, induce with 2mM IPTG at OD 1

Fermentor:

Terrific Broth, induce with 2.5 mM IPTG at OD 6-8
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Full sequence Only the sequence for pET28aRW-RGD is shown. The RDG sequence
is identical except for the shuffling of the RGD codons within the RGD cell-binding
domain to encode RDG in the RDG construct.

1 ATCOGEATATACT IO TOCTT I AGCARAR A RO TCARGADCCETTTAGAGGC CCCARCGEGTTATG

TAGEGOCTATATCARAGAGGAAAGTCR

M0 CrAGTTAT T T ARCEETEEC A AR AR T A T C T T IO TT TG TTAGC AGCCGEATCTC
AT AR A A AT O A I T A T A A A A A L A A A R B PO T UGG O T A AL
ol
13% AGTEETEETEETGETGLTGE tog act tta tha otc gag ogg cac ococ gak acc ogg
TCACCACCACCACCACCACG ago tga aat aat gag obtc goo gtg ggg ota tgg goc
3914

185 aac
tig
EFAE BT
246 gat
cta
3644 |
297 rcgg
goo
3474 P
348 acc
tgg
Ja0d G
389 aecc
tgg
3134 G
450 tac
atg
20964 v
501 tgec
acg
2764 A
552 aecc
tgg
2624 G
603 aac
tig
2454 v
654 ttt
aas
2264 K
705 g9
goo
2114 p
756 goo
ogq
1944 G
807 geoo
°gg
1774 G
858 got
cga
1604 &

acao
tgg
G
acao
tag
G
tac
atg
v
gat
ora
I
ogg
goo
P
acao
tgg
G
994

[ 81 818

o«gg
goo

goo
ogg

goo
<gg

ttg

gat
cta

gat
cta
I
<gg
goo
P
acao
tgg
G
goo
o«gg
G
cac
qrg
v
gat
cta

gct
cga

ttg

gat
cta

°gg
goo

aco
tgg

aco
tag

tac
atg

tgo
acg
A

goo

ogg
G

cac

atg
W

gat
cta
|
°gq
gco
P

ooC

99
G

goo
ogq
G
gtc
cag
B
acao
tgg
G
aca
tgg
G
tac
atg
W

gat
cta

°gd
goo

aco
tag

J99 4

CCC

F

o949
goo
P
ooo

q499
G

goao
od4g
G
aac
ttg
W
gat
cta

o949
goo

TCC

=LELE |

gat
cta

o949
goo

acc
tag

aac
ttg
W

gat
cta
|

°gg
goo
P

aco

tag
G

aca
tgg
G
aac
ttg
W
acyg
tgo
R
goao
°g4q
G

cac

atg
W

gat
cta

°gg
goo

coo
q99

goao
odq

gteo t
cag &

]

acc
tag
G
doc
tag
G
dac
ttg
W
ttt

aaa
K

ogg
goo
P
goo
°gg
G
goo

Cgdg

°gg
goo

coo
q499

odaq

Tttt
aaa
K

°gd
goo
P

goao
odg
G

goo
ogg
G
aac
ttyg
W

gat
cta

EI'\.]L
Cca

aac
ttg

gat
cta

ogg
goo

aco
tgg

c ogq

goo
ogg
G

aac
ttg
W

gat
cta
|

ogg
goo
P

acc
tgg
G
acc
tgg
G
gac
ctg
W

acc
tag
G
dacc
tag
G
da4ac
ttg
W

Tttt
aaa
K

°gg
goo
P

goo

ogg
G

goo

G

E

°gg
goo
P
acc
tag
G
acc
tag
G
tac
atg
v
gat

cta
I

g9

goo
P

agc

tog

Tttt
aasa

°gg
goo

goo
°gg

goo
ogg

aac
ttg

gat
cta

Eh:ll_
Tca

T

L

tac
atg
W

gat
cta
|

ogg
goc
P

acc

tgg
G

goc

ogg
G

cac

gty
v

ata
tat
Y
goo
ogg
G
aac
ttyg
W

gat
cta

g9
goc

acc
tag

acc
tag

gac
otg
W

=

acc

tgg
G

goo

o949
G

cac

gtg
W

gat

cta
I

ogg

goo
P

cgo

gog

gto
cag

g9
goc

acc
tag

acc
tag

tac
atg

gat
cta

g9
goc

ageo
tag

A

W

gat
cta
I

°gg
goc
P
falalal
99
G
goc
g9

tac
atg

gat
cta

°gg
goo

acc
tag

goo
ogg

cac
gtg

ata
tat
b

G

geoo
°gg
G
aac
ttg
W
gat

cta
|
ogg
goo
P
aceo
g
G

tgg

=L

ogg
goo

acc
tag

goo
ogg

cac

atg

gat
cta

°gg
goo

cgo

g0g

gto
cag
B

ogg
goo
P
aco
tagg
G
aco
tag
G
aac
Tty
W

Tttt
aaa
K
otk
gaa
K

Cac
gtg

gat
cta

°gg
goo

oo
499

1)

G

aac
ttg
W

Tttt
aaa
K

g9
goo
P
goo
g9
G
goc
g9
G
got
oga

394

goo
g9

aac
ttg

gat
ota

g9
goo

aco
tag

e

=L

egg
goo
Fl

=]

goo
g9
G

goo
ogg
G
aac
ttg
W

gat
ota

g9
goo

got
oga

gat
ota

g9
goo

aco
tag

acc
tag

aac
ttg

ttt
aad

otk
gaa

cac
gtg
v



90% coc gat acc ogg aac acc gat goc ogg aac acc tit goo ogg tac acc gat

ggg cta tgg geoo thg cta ogg goc thg tgg aaa ogg goc atg tgg cta
1434 G | G P WV I G P ¥ 6 K G P v G I
960 goo ogg aac goo gat ogg cac ooc gat acc o9 aac acc gat goc ogg

1264 G P W G |

1011

tgg
G
acs
©gg goo ttg cgg ota tgg goc gtg ggg cta tgg goc ttg tgg cota ogg goc
G
Tac

aac acc ttt goo ogg acc gat goc ogg aac goc gat acc ogg cac coc
ttg tgg aaa cgg goc atg tgg ota ogg goc thg ogg ota tgg goc gtg ggd

med v G K G P ¥V G | G P ¥V G | G P Vv G

1062

924

1113

gat acc ogg aac acc gat goc ogg aac acc tht goo ogg tac acc gat goco
cta tgg goc ttg tgg cta ogg goc ttg tgg aaa ogg goc atg tgg ota ogg
| G F W G | G F ') G K G P W G | G
Cgg aac goo gat acc ogg cac coc gat acc ogg aac acc gat goc ogg aac
goc ttg ogg cta tgg goc gtg ggg cta tgg goc ttg tgg cta ogg goo tig

AP VG | G P ¥V G | G P V¥V G I G P W

1164

acc ttt goc ogg tac acc gat goc ogg aac goc gat ace ogg cac ogo aab
tgg aaa ©gg goc atg tgg cta ©gg goc ttg ogg cta tgg goc gtg gog tta

B4 G K G P VW G I G P ¥V G | G P ¥ A I

1215

tgg ott got got tgo ggg got gbo toc acg goc agt gac ago ata gte gag
acoc gaa ©ga ©ga acg o0C Oga cag agg tgc ogg9 toa otg tog tat cag oto

414 P K &5 &5 A P &5 D G R G T WV A A O L

1266

ttt atc ate atc atc ghbg ghkg gbg gbtg gbtg gty ghg acc cat thg cbg toco
aaa tag tag tag tag cac cac Cac cac Cac Ccac cac tgg ghta aac gac agg

244 K ) 1] O D H H H H H H H G M O 4 G

1317

HMhal ¥oal
acc agt cat got age cat cat GETATATCTCCTTCTTAAAGTTARACARAATTATTTCTAGH
tgg toa gta oga tog gha ghta OOATATACAGGAACAATTTCAATTIGTTTTAATARRGATCT

MGE T M 5 A M M

1379

1448

1517

1586

1655

1724

1793

1862

1931

2000

206%

2138

2207

Bglll
A AT T T AT O T A A T I T A T A T A T O TATTAA T T T CCCEEATCCACGA TCTCGS
T AR A T A S A T T T A S A T AT A T A ATAA T T AR AR GO CC TAGC TCTAGAGCT

T T AT A AT S T C e AT A OO RO A A TEOEET TGO TEGCGCCTATATCG
AR T TG TAGC ACCEEC T A TR OO GETETOCACGOCAAC CAC CGCGGATATAGE

COEAC AT ACC A TEEEEA R A TO G TGO C A T IO GG T ATCAGCEC TTETTTE GGG TGGETA
GECTETACTEEC TACCC T IC TAGO O AR CETEARGO O EACTACTOCOGARC AR RGO CGCACCCAT

Sphl
e TGO AGGCCO G TEEOCEEEEEACTE TTEECC GO CATC TOC TTGCATGC ACCATTCC TTGCGRCER
ACCACCETCOGEEaCACCEECCCCCTEAC AR OGO GETAGACGAACCTACG TGG TARGGRACGCCGET

O T T AR e O T A A T A T A T T T OO TAA TR AGEACTOGC ATAR GLEAGRGCGTC
O A A T T O A T T A T A T A OO EA A A A TTACE IO T AGCGTATTCCC TE TOGCAG

GRGA T EEAC A AT EA R TEECEC AR A A T T IO EOGETATEEC ATEATAGC GCC CEGARGRGAGT
O T A T T T A T T A T T T T EEAA AT CATACCETACTATCGCGGECC TTC T TCA

A AT T A T T AR T T AR A A TARC CTTATAC AT IO G AGAGTATGCCGETGTC TCTTAT
AR T A AT A A T T T AT AATATEC TAC A ETCTCATAC GO CACAGAGAATSR

A A T T T O T T A R A A O A T T T T O AR A RO GECAR A A B CTEGARGCG
D T A A e A O A T e T e T G T AR ACA D TTTIECGCCC TT T TTCACC TTCGE

GOGATCECEEAGCTEAATTACATTCCC ARG TEECACARC AR TEEOEEGCARRCAGTCGTTGE TG
O TACC GO T GAC T T AR TG T ARG T T A CETETTG T ICAC G CGTT TG TCAGCAACGAC

AT ETTECC AT AT T O TR AC OO TOEC AR R TTETCG OGO GATTARRTC TOGE
T ARG ARG DA T AGAC GG TGO AT ETTTAACACC GCCGC TAA TTTAGAGCG

GO A T AR T T C A T T T T AT TAGA AR A REOE TC ARG C TETARARGEG
O T AT A ACGEE IO ACCACC AT A TACC AT T T IO OO AGC TTCGEACATTTOGE

T AC AR T T I TGO A A e T A T TEATCATTARC TATC CGC TEEATGAC CAGGAT
OO ACE T T T AGARC A O TGO ACTC AT CACTACT AR TTGATACGGCGACC TACTGETCCTA

A T e T AR T e O A TAA T T O TTATTTC TTEATE T T TEACC AGACACCT
O T A A A A T A A T A T T A AR O O AR TAR AR AT TAC ACAGAC TEETC TETGEG

C-34
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2276 ATCARCACTATTATT T IO TOO AT A RCACEETACCOEACTEEEOETEEAGCATC TEETCGCATTGEET
AT T T A TARTAR A A AT A T T C AT TEAC O ACC TOG TAGACC AGCETARCCCA

2345 CROCAGCARATOGCETETTACC GO ATTAACT T TE T TOEEO O TO TEC GTE TG TGGOTGG
ST T T A GO A AR TGO O TARTTC ARGAC ACAGO RO AGACCCAGRCCGACCGACC

2414 CATARATATC T ACTCECAATCAAA T AT EATARCEEARCEEER ACECGACTGEAGTGCCATGTCC
GrAT T AT AGAC T A T T AT T T AR TG TAT O TGO T IO EC TEACC TCACGGTRACAGE

2483 GETTTICARCARAC AT AR T TEAATEACEECATCETTCCCACTECEATEC TEGTTGCCARCGAT
AR A T T e AT T T A A T T A IO e TACC ARG TEAC I TACGACCARCCGTTGETA

25852 CAGATEE TG AR T OO C A TTAC O GAC T CCEC TR GO CTTGE TGO GEATATC TCGETA
G TACC GO AT T AT GETAATEEC TCAGGOCOEACEOECAACCACGCC TATAGRGCCAT

2621 GIEEEATACERCEATACCEAAGAC AT TCATETTATATCC OGO CETTARDCACCATCARACAGGATTTT
R T A T T T A T T T T T A TAC A A TA T A A A TTEETEETAGTT TG TCC TARRR

2660 CEOCTECTEEEECARACC AGOETEEAC RO TIEC T ARC T TC T AGEEOC AGGCGETGARGGGCART
GUEEACEACC OO T T T T O A TR GARC CACETTEAGAGRETOC GG TCCGCCACTTCC CGTTA

275% CRGCTETTECCCETCTCACTEETEARAREAR AR ACCACOCTEEOECOCARTACGCARACCGOCTCTCOC
A A A A A T A A TT T T T T T T e TEEEAC OO CEETTATGOGTT TEGC GGAGAGGG

2828 CEOGOETTEECCGATTCATT AR TG ACC TEEC ACGAC ACCTTTCCCGACTEGARRGCGEGCAGTGAGCG
GO AR TARCT AR TTACGTCGACCETEC TETOC AR ACCECTEACC TTTCGCCCGTCACTCEC

2897 CAACECAAT AR T AR T T A T AT AT T AR A AT T CACCGA TGO CC TTGAGAGCCTT
ST AR T T A A T AR T AT A T AR T e T OO TACACC TEEC TACGEGARC T TCGEAR

2866 CAACCCACTC A T TG TGO G ATGAC TATCGTCGOOECAC TTATGACTGTC TTCTT
GITGEETCACTOEAGEARGEOCACC OGO CETACTEATAGCAGOGEOECTCGAATAC TGACAGRAGR A

3035 TATCATE ARG TAGEAC AT AT TEEETCATTTTCGEC GAGGAC CEC TTTCGC TG
ATAETACETTEAGC AT TE DO C A GO CETOECGACROCC ACTARR ACCOGC TEC TEECGARAGCGRAC

3104 GRECGOGACEATEA T GO T T T IO e TAT T GEA AT TICCACGOC C TC GO TC ARGOC TTCGT
OGO e TAC TR A RGO EA RO C A TA RGO TTAGR ACE TR GG GEAGCGACTTOGERAAGTR

3173 CACTGETOCCEOCACCARRCCETT I GEOCACARGC ACECCATTATCGOCEECATGGCGECCCCACGEET
GEACC A T TT I AR A O T T T GEETAATAGC OO TACC G CGGEETGCCCA

3242 GOGCATGATC G T T TG T A A G T A T EEEETTCC C TTACTGGTTAGCAGRA
CECETACTACC ACGACGAC A AR TCCTECEOCGATCCCACC OO ARCGEAR TGACCAATCGTCTT

3311 AR A AT A A AR T AR A T T T AAR ACETC TGO GACC TEAGCARC AR
AT A T T A T T T T e A T TG T A A A T T T TR AGA CEC TEGACTCGTTGTTG

33B0 AR AT T T T O T T T TG TAR AT A A A EOEEA ACTCAGCECCC TECACCATTAT
TRCTTACCAGR RGO AR A A C AR AT AT T T ACAC T T TGO TIC AT O GC GEGACGTGETARTA

3449 GITCCEEATCTEC AT AGGA T T TEEC TACCC TETEEARCACCTACATC TG TATTARCGARGEG
CAREEC T AR T A T TAC A GR O A TR ACC TTETEEATCTAGACATAATTEC TTCGC

3518 COEECAT A AT AT T T T I T T IO O O AT CATACCECCAGTTGTTTACCC TCACA
GRCCETAACTREEACTCACTAR R A ARG ACT A EO RO TAGETATEECEETCARC AR ATEGERAGTGT

3RET RO CCAC AR AT T AT AT ACTAACCCETATCCTEAGCATCC TE TCTCETTTCATC GG
A A T A T O A A A T A T A T AT T ATACC AC T TAGGAGACAGC AR A TAGEC

3656 TATCATTACCCC AT AR AEAR A T T T A AT A AT ACTEACC AR CAGEAR R AR BCCEC
A AT AR T DA T T T T T A A A T T U T O TACTCACTECTT TG TCC TTTTTTGEL G

3725 COTrAACA O CEC TTTAT A RGO ACACATTA RGO TTC TEEACARRC TE ARCGAGC TGEACEC
GEAA T T A OO Ea A A T AT T T T TETAA T AR AT T TTTRAGT TGO TCGACC TG G

378 GEATGAACAGECACAC AT TETEAA T TICAC A ACECTEATEACC TTTAC CGE AGC TGO C T GE
oA T I T O T T TAGRC A T T A CA R T TEETEOGACTACTC AR A TEGCE TOGACGGAGCG

3863 GOETTTCCETEATEACGETEARR AT TCTEACAC ATCC AT IO OCGEEAGRCGETCACAGCTTGTCTGTA
CECAR RGO ACTAC TGO A T T TN EACAC TE T TACCTCCAGEEOCTCTEC CAGTGTCGARCAGACAT

3932 ACOCGATCOCCEGACCAGAC ARG T A O T ACOCEETETTEEC GEETETCGEEGCGLEAGT
G T A TG T TE T T GG AT OGO ACTCCCCCACARCCGCCCACACCCCCGCGTCG

4001 AT A A T A T A A T A A T T A TAC T TT AR TATECCEC AT AGACC AGATTGTA
A T T A T AT AT O T A A TAT A D EAATTEATAC OO GTAGTC TG TC TAACAT

4070 ChGAGRETECACCATA AT T TEARATACC G AT ACATEOETARCEAGAAR A TACCGCATC AGGE
G A T TATA T A GO A A T T T AT T T TACECATTCCTC TTTTATGECGTAGTCCG
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4139 oI CCCTTCCTCGC T A T A T O TR TG T T TR TG GAGC GG TATCAGC TC
OEAGA RO CARCCACCCACTEACTEAGCCACEICACOCAGC A RGO CACECC GO TCGCCATAGTCGAG

4208 AT ARACECEETARTACGETTATOCAC AR A T AGEEEATARCEC ACEARRCARCA TG TGAGCARBAG
AT T T OO AT T AT AR T A T T T TAC T OO TAT TG T TITC TTE TACAC TEGTTTTC

4277 GO A AR A A A A T AR AR AT TR TEECETTTTTOCATAGGC TCCGCCCCCC TG
T T T O T O T T AT T T T T OO oG AR CEACCE A R A B ACETA TOCGAGECGGEGEEAC

4346 ACCACCATCACARRR A TR T AR T A AT AR RO OEACACEACTAT AR AGA TACCAGE
T A T T T T LA T A T T A T T O A O T T T E T C TGATATTTC TATGETCC

4415 OETTTOCCCCTEEARCCTOCC IO MO T IO TET T CACCCTEOC GO TTACCGEATACC TETCCE
GEAARGEEEEACCTTOCAGEEAGC ACEOEAGCAGEACA AEECTEEEACEEOEAR TEECCTATGEAC AGGT

4484 OIS T AR T T T T T A T A T A TETAGETATC TCACT TC GG TG TAGE
A A A A A A T A e A A A T A T A T O A AT CATAGRG T AR GO AT ATCC

4553 DOGTTOECTOC ARG T TETE T ACGARCOC OO TTCAGO O GACOGC TECGEC TTATCCGGTA
A A A A T T O A OO A A A T T T G A R T OO TR GAC GO GEAR TAGGCCAT

4622 ACTATCCTCTTGACTCCARCCCCCTARGACACCACTTATCCCC ACTEECACCAGC CAC TG TARCAGGA
TEATAGAGA AT AT IO A T T T TEAR TACCCETEACCETOETCGETGACCATTGTCCT

469] A AR A T A T T A T T A A A T T T T AR TEE TR TARC TAC GO TACACTS
AT T T A T A A T OO A A T T T AR A A T T ACC A EGATTEATGCCGATGTGAT

4760 AR A AT A T T T T A T T T T N AR O A TTAC T T IO EAAR A ACACTTEGTAGC TCTT
OO NI AT AR A AT A A ACAC AT CE T AATECARGOCTTTTTC TCARCCATCGAGAR

4829 GATCOGECARACAR R A T T A T TT T T I T I T T TECAAGCAGC AGATTACGC GCAGAR
A T T DT T T CACC AT RO AT AR AR A R CA A AT TOETCGTC TAATGOGCGTCTT

4898 AAs R A AT T AACAR AT T T AT T T I TAC e T TEACECTCAGTEGARCGAR A BC TC AT
T T ARG T T T TAGEA R RO TAGA A R A A TR ACACTEOEAGTCACCTTGE TTTTGAGTG

4967 GITAAGEEATTTTEETCATGARCARTARA A TETCTECTTACATARACACTARTACARGGLEETGTTATE
A T T AR AR A T A T T T A T T T T A A A A AT TATTTETCATTATG T TCCC CACA R T AT

5036 AGCCATATTCAACGEEARAC T T I TCTACEOCECEATTAR ATTCCARCATGEATGC TGATTTATAT
T T AT AR T O T T I AGARC A A T O G TAATTTAAGETTETACC TACGAC TARRTATA

SI05 A AR A T T A T A A T T AR T A T A A AT TATCCAT TE TATGEGARGE T
OO AT AT T T A A TATTAC A O TTAC T CACGC TETTACGATAGC TARCATACCC TTCGGE

5174 AT AT T T T A AR AT A A A T AT T AATEATE T TAC AGA TGAGATGETE
AT T AR AR A A T T I T AT T IO AT AR GETTACTACAA TETC TAC TE TACC AG

D243 AR AR T T A A A TT T AT T T T AT AT CAACCATTTTATCCGTAC TCCTGATGAT
AT T A A T T AR A T AT A A A TR TAGT IO TAARATAGGCATGRAGEACTACTA

5312 GCATEETTACTCACCACTEOEATCOOOEEEAR A B ARt AT IO AGETATTAGRAGAR TATCCTGATTCA
A A T A T T A T A e e O O T T T T T AR G T CATAATC TTC TTATAGEACTARGT

53Bl GEMGARARTATIGT AT T ACTET IO T RO EETIECATTOGATTCCTGTTTETAATTGT
O AT TTATAAC AR T A AT A A R ARG A AT ETA RGO TRAAGGACARBRCATTARCS

5450 OCTTTTARCAGCEA T oG TATTICETC IO T AGEOECAATCACCAATEARTAACGETTTGGTTGAT
AR A T T T A A T AR A A A AT RO TTAC T TTACTTAT TGO C AR AT CARCTS

5519 GoCACTGAT T IGA ARG T A AT TR T T IEARC A AT TEEARAGAR R TGCATARACTT
O T A TARA AT A T T O AT T A A A A AT T T AGACCTTTC TTTACGTATTTGAR

S5BE TOGCCAT T T A AT AT T A T AT T AT T T T CACT I EATARCC TTATTTTTGACGAG
AR T AR A T TAAC T A ACTEAGTACC A TAARCACTCARCTATTGEAR TARARACTEETE

5657 GEEAARTTAR AT T AT AT T I AC A TOEEA AT ACACCEATACC AGGATC TTECCATE
oI TAATTATCCARCATARC TAC AR TR T A TTAGC T TEEC TATGETC CTAGARCGETAG

5726 COrA AR T T T A T T T T T T AT T A A AR AT TTTTTCAAA AR TATGETATTCAT
AT A T GEA A AT AR A R A A A TAA T IO TT IO CAR AR ACTTTTTATACCATARACTA

5755 AR A TATEAA AR A T AT T I AT T T A T T CATEAGTTTTIC TAAGAR TTARTTCATEAG
A A TAT A T TAT T T AR T AR R T AR A TAC A TACTCARRA ACATTC TTAATTARGTACTC

SEEd CECATACATA T AN T TAT T TACAR AR ATA A AT AR AT ACCEETTOCECECACATTTCCCCGARARGT
GO AT T ATAAR T TACATAR A T T T T I AT T T T T AT OO ARG TG TARAGEGEC TTTTCA

5933 GOCACCTEAAA T T T AR T T AATAT T T I T TAAR AT T OO TTARATT T T TO T TARA TCAGC TCATT
A T T AR A T T AR T T AT AR A A A TT T TARCC AR TTTAR AR ACA A TTTAGTC GAGTAR




6002

6071

ald40

6205

62TE

6347

C-37
I T AR AR T A AR A T ARR AT TTATAA AT ARAACA A TAGAC CEAGATAGEETTEAG
AR A T T A T O T T A T T T T A AR TATTTACTT T I TTATC TEGC T TATCCC AR CTC

T T A T T AR AR A T A TAT T AR A A A TEEACTOCARCETC AR AGGGCGR R B A BT
A AR AR T AR A T T T AT A TAATT T T ACC TEAGETTECAGTTTCCCGE TTTTTG

O AT AR A TGO A TAC T EAACCATC AT TAATC ARCTTTT TTEEEGTCGAGETGECG
AR TR T O A T A T A T ETACTEEEATTAGTTCAR AR R A CC CCAGC TCCAC GEC

TRA ARG RCT AR A A AT AR A A O OO A TTTAGAGC TTEACEGEGAR RGO CGEC GAACGT
AT DA T T T A T T AT T IO TG TAA AT TOCARC TR CC TTTCGEC CGE TTECA

CEOGACAARCEARCEEA A AR A AR R A G TR TEEC ARG TETAGCGETCACGET
OO N T T T O T T T T e T T T O OO AT OO A CETTCACATCGC CAGTGOGA

GOECETAACCACC A ACOOEO OGO TTAR TGO TACAGEECGOGTCCCATTCGECA
O A T e T T T e O G EA A TT A O A TE T CC GO GO AGGE T ARG CGET




