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Appendix A

Plasmid Information
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Following are sequences and information on plasmids described in the thesis.

1. pQE16_mDHFR_yPheRS (T415G) (7765 bp)

ColE1 origin

beta-lactamase

3433

E20%

TS promoter & lac operon
mDHFE

1553

pQElI6_mDHFR_yPheRS (T415G)

T5 promoter and lac operon

mDHFR_His

yPheRS_alpha subunit

yPheRS_beta subunit

ColE1 origin

beta-lactamase

Full sequence

CTC
GAT
TTA
GTG
AGG
AAA
AAT

GAG
TCA
ACT
TCC
AAC
CAG
CGA

AAA
ATT
ATG
CAA
GAG
AAT
CCT

TCA
GTG
AGA
AAT
TTC
CTG
TTA

TAA
AGC
GGA
ATG
AAG
GTG
AAG

AAA
GGA
TCC
GGG
TAC
ATT
GAC

7 - 87 bp

7765 hp

2329

yPheRS beta

115 - 660 bp

1226

2802

5972

7560

ATT
TAA
GGC
ATT
TTC
ATG
AGA

TAT
CAA
ATC
GGC
CAA
GGT
ATT

TTG
TTT
ATG
AAG
AGA
AGG
AAT

2787 bp
4589 bp
5997 bp

6700 bp

CTT
CAC
GTT
AAC
ATG
AAA
ATA

TGT
ACA
CGA
GGA
ACC
ACC
GTT

yPheRS_alpha

GAG
GAA
CCA
GAC
ACA
TGG
CTC

CGG
TTC
TTG
CTA
ACC
TTC
AGT

ATA
ATT
AAC
ccC
TCT
TCC
AGA

ACA

TCG
TGG
TCA
ATT
GAA

ATT
GAG
ATC
CCT
GTG
CCT
CTC

ATA
GAG
GTC
CCG
GAA
GAG

ATA

GCC
CTC
GGT
AAG
GAA



CCA
ATT
AGT
ACA
GGG
GAA
CAT
GAT
CGC
AGC
ATC
TAC
GCA
CTT
AAT
AGT
TTT
ATT
CCT
AAC
GGT
CAA
GTT
GCC
CTT
GAT
CAA
CTC
AAG
TCA
TTT
TGG
GAC
TAC
TAT
TCC
ACC
CAT
CTG
GGT
TTT
TTC
GGT
ATC
GCT
CCG
CCC
CCA
GTG
AAT
AGT
TAT
AAG
CTC
AGG
TGA
ACA

CCA
GAA
TCT
AGG
AAA
AAA
CAC
CCA
CGG
TAA
CCA
CTA
GTG
TAC
TTC
TGA
TCA
CTA
CAG
AAG
GCT
GAG
GGT
TCA
ACT
AGC
GGT
ACC
GAC
GGT
TCC
AAC
ACT
ATG
CGT
ACA
AGA
TTG
GGT
TTG
TCT
AGA
TGG
AGA
GCT
TCT
AAG
CAG
CCA
ACT
TGA
TGA
ATA
ACG
ACA
TCG
TTA

CGA
CAA
GTT
ATC
TAT
GGC
CAT
GTA
GCG
GGA
ATG
TAA
AGC
ACT
ACA
CAA
CAC
AAG
CAC
TTA
CAA
TTG
AAG
AAC
GAT
ATT

TTG
GCT
ATG
TTC
TTC
GAC
TAC
GCC
TTG
GCC
GAC
AGA
TGG
CCA
GGG
GAA
AGA
CCG
AGT
AAG
ATC
TGG
TCA
GAA
AAT
ATT
TCA
AGT
TTG

GGA
CCG
TAC
ATG
AAA
ATC
CAC
ATG
TTT
AGC
GCA
CCA
GCA
TTA
CAG
TTA
AGG

GGC
GAG
ATT
GGT
GTC
GAG
GAA
GAC
ATC
TTG
AAG
CTT
GGA
GAT
TAC
AAT
AAC
ATC
TTT
GAA
CTG
TTC
CAC
GAA
TTA
CTG
TTG
TGA
TCG
AGG
GTT
AAC
TCG
ATA
TAC
TAG
AGT
TTT
AGG

GCT
GAA
CAG
CAG
CTT
AAG
CAT
ACC
TTT
TAA
TCG
GAC
ACG
TGC
GAA
ATC

CTA
TCT
TTT
TTG
CAA
GGT
CTT
ACG
GCC
ACA
GAA
TTC
CAC
TTC
GCC
ATC
ATC
TGG
TCT
TCT
TTC
ATC
AAG
GAA
ATG
TCC
TTA
GAC
ACA
ACG
CCT
ACG
GTA
ACA
TCA
ATG
ATT
TCG
ATA
ATT

CAT
TTG
GAA
GAA
CTC
TAT
CAC
TCA
ATT
AAT
TAA
CGT
CAA
TTC
ACA
ATC
CAG
GAT
CAA
TCC
AAT
CTT
CAG
GAA
CAA
AAG
GAT
ACC
AAG
ccC
ACA
CTT
AAG

AAG
GCC
ATC
CAC
AAG
CCT
GGT
CTC
TTG
GGT
GAA
AGC
AAT
TGA
ATT
AAG
AAT
AGC
CCA
CAA
TAC
AAT
CTC

TTT
GCA
GCC
TTT
CCA
AAG
TAA
GAA
GGT
GGA
AGA
TCA
TTA
CGG
GCT
GGC
ACC
GAA
GAT
AAG
GAA
CAA
GCT
CTC
TCT
ATT
TTC
GAT
CCT
TTA
GAG
TAC
GAC
GCC
CCA
AGA
GAC
CAG
TTC
ACC
TTG
GAG
GAA
CAT
GAC
AGC
TAT

TGC

CAA
TTA
ATC
TTG
CAT
CTC
CAG

CTT
AGT
ATG
GAA
GAA
TTT
GCT
CTC
GAG
GAA
ACA
GCT
ATG
CTC
ATG
TCG
ATG
TTG
GTT
GTC
GGT
ATC
AGA
TCC
ATT
TTG
AGT
CTT
TAC
AAC
ATG
GTC
CCA
GTT
GAA
ATG
CGT
GTG
ATG
TAC
CAA
TCC
AGA

TTG
AAT
GTT
CCG
TTT
GAC
CGG
ACG
TAT
AAG
TGA
CAG
TCT
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GCC

AAT
AGT
TAC
GAA
TAA
CAT
AAT

TTT
GGC
TGA
GTA
ACC
TAT
AAT
GAT
CTT
GAC
TCG

GCT
GCA
CTA
AAC
GTC
ACC
AAT

CCcC
CCA
CTA
CAC
GAA
CTG
GTT
GAA
GAA
AAT

ATG
CCT
GTC
TAC
TAT
TTG
GGG
GTA
CTG
AGC

GTA
GTC
ATC
AAC
TCC

AAA
GTA
CAA
GAC
CCA
GTC
TTA
CTG
CCA
AAT
TGA
ACG
GTT
TGT
ATG
AAT
CTA
GAG
TCC
ACG
TAC
GAT
TTC

GCG
GAC
ACC
TCC
TTC
GTC
TCG
CAA
ACC
GAA
TGT
CAC
TTC
GGT
GAG
CCT
TGG
GGT
ACC
TCT
GAA
TTG
AAT
AGG
TCG
ACT
AAA
AAT
GAA
CAT
AAA
AGA
CAG

AGT
GAC
CCA
ACG
GGC
TAC
GCT
GAT
AGC
CAC
GGC
ACA
AGC
TGT
ATT
GGA
GAG
ATC
GCT
GTT
GAA
GTG
AAG
TTG
CAA
TTG

GAC
AAT
AGA
AAC
CAG
GCT
CAG
CAA
GAT
CGT
GTT
TTT
TAC
GTC
CTA
ATG
TTG
TAA
ATC
TCG
AGC
AAG
ATA
TTA
CTT
ACA
TCC
CCC
AAA
TTA

TTG
ATG
GGC
TTT
GTC
GAG
GAG
TTG
TAG
TGG
ATT
GGT
TCA
GTG
ACG
TCC
ATG
AAG
TTG
ACG
ATT
ATG
AAC
CAA
ATC
AAG
GGG
ATG
TCT
GAG
CAA
CAT
GAG
GGG
AAA
TTG
AAC
CTT
TTC
GGC
GAA
CCA
ATC
GAC
GGC
TTC
GTA
CGG
GTA
AAT
GAC
ACG
GAA
ATT
AAG
ACA
TTA

GAT
GTT
CAC
TTC
CTC
AAG
CTT
TTC
CTT
ATA
TCA
TTC
CTC
GAA
CCA
AAT
TCT
TCC
AAC
TAT
AAA
TCC
GGC
AAT
AAG
AAA
CCA
GTC
CAA
GAA
TAC
CCT
TTG
AGA
TTG
GCC
GAA
GCC
GAA
GAG
ATC
AAG

TTT
AGG
TAG
TGG
AAT
TTT
TAA
CTT
CTT
GCT
ACA
AGT
ACA
TGG

GAT
TGG
CTT
CCA
TCT
AAA
GGA
AGA
GGC
TAC
GTC
CCG
ATT
TTG
AGC
TGT
GAC
ACA
TCT
GAC
CTA
AAA
TGG
ACC
AAC
AGA
GAG
TCC
GGT
TTT
GTC
GCT
ccC
TTC
GTC
AAA
GCA
GAC
AGA
CCA
GGT
GAT
TAT
ATC
AAT
GCA

TGA
CAC
GCA
TTG
CTT
TGG
GAG
TTA
TAG
ACA

GCC
ATA
AGA
GAA
GAG
GGT
CTC
ACG
GAG
CAC
AGT
ACT
AGG
TGA
TTG
GAG
TTC
CTG
TTG
TTG
GTC
CTA
ATC
GAT
AAC
AAG
TTC
ACC
GTG
AGA
GAG
CGT
GAT
GGG
TTG
GAT
GTT
TAC
ATG
TCA
AAC
CTA
AAG
GAA
AGA
AAG
TGG
AGC
AGT
AGC
CTA
TTA
TTG
CTC
CTG
GGA
GCA

TTA
GTC
CTC
ATT
GTC
TCC
CTG
CTC
ATT
CGT
TGC
GGA
CAC
GCG
CAT
CGG
CAA
GCA

ACC
AAG
GGC
GCC
TTA
TCG
TTA
TCG
AAT
CAA
CAA
ACA
GAC
GAC
TCC
AGA
CCA
GAC
AAC
GGT
ATG
TCT
AGA
GTT
ACC
TTA
ACT
ACG
TTG
CGC
CAA
CCG
TTG
CCA
TAC
GTG
GAT
AAG

AGA
GGA
TTT
GAT
CAG
AGA
TTG
GGT
TTC
TGA
TCA
AAG
CccC
GAT
GCC
AAT
TTA
ACT
GCC
AAA
CTC
CCT

AAT
CAT
ATT
ACC
GCA
ATA
ATT
GGT
CTG
AAG
ATC
ACT
AAG
GCC
ATT
GTC
GAA
GGT
GTC
CAA
AAT
TGC
ACA
AAG
ATA
TGA
CCA
CTG
CCT
TGG
CAC
ACA
ACG
ATC

CTT
GGC
GTG
TTG
GAG
TCT
ATA
TGC
AGG
TAT
ATG
CGG
AGG
AAC
TGC
CGA
GAA
TTC
CAC
GAA
ATC
CAA
AAC
GAG
CTG
GCT
GAC
TAC
TCT
TTC
TTC
CAA
ACA
GGT
CAC
CccC
ACC
ACT
ACC
ATC
ATG
CTT
AAC
CCT
CTA
CTT
ACA
TCA
ACG
CTA
CTG
TGC
GTA
CAA
AAT
TTC
GTG



TTT
CccC
TTT
TTG
ACT
GCC
ATG
CTA
ATG
CCA
AAG
TTA
CAA
AGA
GTG
ACT
TAT
CTG
ATT
CAA
ACG
GTA
ACA
GTG
CTT
CAA
GGA
CccC
TGA
GTG
TTT
CAA
AGG
TGG
GCA
GGT
ACT
CAA
TCT
GGA
CAG
GGC
CAG
TGA
GGC
AGC
TTT
GAG
CTC
CTT
CAG
TCA
AAG
GAG
CAC

TTT

GCT
GTA
TGA
AGC
TCA
TAG
CCG
GAC
GTT
AAC
CCA
AAT
AGA
CAG
ACG
GGG
TGG
CTG
TCC
AGC
TTC
ATG
TAT
ACT
TCG
GTT
ATT
TTG
ATA
TTA
CGT
TAT
CGA
CTT
GGG
AAT
GGG
ATC
GAC
GCA
CCA
ATC
ATG
CTC
GGT
AAA
CCA
GTG
CCT
TCT
TTC
GCC
ACA
GTA
TAG
AAG
TTT

CccC
ACA
ACA
CTG
ACG
ATC
TTC
CTG
TCA
CAT
CGT
TTC
CTT
TCA
TTG
CTG
GTA
CTT
CAG

CAT
TTC
ATA
GGG
CCA
TTA
TCG
TTA
CCA
CGG
CTC
GGA
CAA
CCA
CGG
GAC
CCT
CGC
ACA
GAC
TGA
AGA
CGT
GCT
AAT
AGG
TAG
GCG
CGT
CccC
GGT
CGA
CGA
TGT
AAG
AGT
TGT

TGC
TTT
TAT
TAG
ATA
AAT
AAT
ATA
ATA
TAC
GGG
TAA
TGG
AGG
TAT
CCA
AAA
CTG
GTA
TCG
TCG
TAA
TAT

GCT
TCC
TAT
CAC
CGA
TGA
AGC
CAA
GGT
TGT
GGC
TCT
TTC
CGC
TGC
AAG
CccC
GCA
AAG
GCG
ACG
CCA
GCT

GCG
TTC
GTA
CCG
CTT
AGG
GAC
TGG
TTG

CAC
TGA
TAA

GAA
CCG
CAA
TTT
ATT
CAA
TTG
GAC
AAT

TTA
TCT
TCA
GCA
GAG
GCC
CTG
CAA
GGG
ACC
GGA
GGC
GGC
CGT
CGA

CAA
CTT
GCT
CGG
GTA
CTA
GTT
TCT
AGC
CCC
AGT
GAT
GAG
CTC
GTT
GCA
CCG
ccC
CTC
GGG
GGT
CTG
ATC
CGG
AGT
TAG
CAA

CAT
TTG
CTA
TTG
TTA
CTG
AGG
TGC
TGC
TCA
AGG
AAT
ACC
ACA
AAG
ACG
TGC
GAG
GTG
ACT
CAT
AAA
TAC
CTG
TAT
CTT
AAT
TTT
TTT
CCT
TCC
CTT
GAT
CAG
ATT
GCT
TTA
AGA
TCC
GTC
CAC
TGT

GGT
ATC
AAA
CCcC
GAC
TCC
AAG
CGT
CGC
GCC
TGC
ATT
CTC
GCA

TAA
ATA
CAA
TCT
TGG
ATG
AAG
ACG
CAA
ACA
TTT
CCG
AAG
GAA
ACG
TGG

GTT
CCA
TGG
CCT
TTT
CGA
GCG
TAC
TAT
GAA
CCA
CCG
GGC
CTG
CGC
GCC
AAT
TTT
TGA
TCT
GCT
CGG
AGG
GTA
ACT
ATA
CTG
CAC
GGC
CcCcC
AGG
TGT
CGT
TCG
CTT
ACT
TAC
TGG
TTG
GCA

TCA
TAA
TGT
CTG
ATG
AAA
ACA
CTT
AGG
AGG
TAC
ACA
TTG
AAC
ACA
GTA
CTT
ACT
AGG
GTG
TTG
TTA
GCT
TTA
GGC
TCA
AGA
TGA
GCA
CTA
GGT
CcCcC
GCT
GCT
TTA
GGC
GTT
GCC
AGA
GCG
GCG
GAG
CCG
TCG
AGA
CAG
TGA
ACT
TCC
GGC
CTC
ATC
GGC
AGA
TAT
ATC
GAT
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ATA
CCG
TCT
AAC
TCT
TTG
AGG
GTG
GTG
TTT
CAT
ATG
TTA
ATT
AAC
AGA
TTA
GGA
TCA
TCT
TAG
CTG
CGA
ccC
CTT
CAT
CGG
GCA
GTT
TTT
GAG
CGT
GGC
TAA
AGG
ATC
GTT
TCG
CGG
CGT
ATA
AGT
CAT
GCT
ATC
GAA
CGA
ATA
GAC
GCT
CAA
CGG
AGC
GTT
CTG
CGG
TAC

GTG
CCA
CAC
ACA
CCA
CTC
ACA
ATA
AGA
CTG
TGA
ATG
GAA
CCT
TAG
ATT
GAA
TTG
TGT
TGC
AGG
ATT
ATT
AAC
TTT
TCT
TGA
AAC
TCT
ccC
TTT
TTT
GAT
TGA
CAG
AAA
TGT
CGC
TCA
CAG
GCG
GCA
CAG
GCG
AGG
CCG
GCA
AAG
CCT
TTC
GCT
TAA
AGC
CTT
CGC
CAA
GCG

AAC
CCG
GTT
ATG
TTA
ATT
TCT
TAA
AAT
ATA
CCT
ATT
CCA
TAC

CTG
CAG
AAG
TCA
ATC
TTA
TAT
CAC
TTA

TGC
GCT
TGA
ACA
TAA
CAC
CAC
TCA
ATT
TTA
TAA
CGG
GTT
CAG
CGG
GAG
CCA
GCG
GCG
GGA
TAA
TCA
ATA
GCC
TCA
GGG
CTA
CAC
GAA
TCT
ACA
CAG

ATT
ATA
ATT
GCC
AGT
GTC
TGC
TGG
TAT
TTT
TAT
TAG
CTT
CAA
GGA
GGT
AGT
AAG
GAT
CTG
ATG
AAA
TGG
ATC
GAC
CCG
GGT
AAC
CAT
AGG
CAG
CAT
GGT
ACA
TTG
AAC
TGA
TCG
CTT
GTG
TGT
TAT
CTC
AGC
TAA
AAA
CAA
CCA
GCT
ATG
CTG
TCG
TGG
GTG
GCT
AAC
AAA

CGA
AGA
GTG
AAT
ACA
TAA
ACG
AAG
CCA
TCA
GTT
CTG
TAT
TCA
AGG
TTG
GGA
ACG
CCA
AAG
CCG
ACT
CCG
GCC
CGT
CCT
GAT
GTT
ATA
GTT
TTT
GGG
TCA
ACA
GTG
GAA
ACG
GTG
GTC
TTG
ATA
GCG
TTC
GGT
CGC
GGC

GGC
TAC
CTC
TGT
TCT
TAA
GTG
GAA
CAC
AAA

AGA
CCA
ACG
ccC
TCA
AAA
TTG
ATG
ATG
GAG
CGC
TCA
TGC
AAG
CGT
AAA
TTG
ATT
AAG
TCA
AAG
TAT
TCG
TTG
AAA
GAT
ATG
TTC
TTC
TAT
TGA
CAA
TCA
GTA
ccC
AGG
CTC
ATG
TGT
GCG
CTG
GTG
CGC
ATC
AGG
CGC
TCG
GTT
CGG
ACG
GCA
TGA
CAG
GCC
GCC
CGC
AGG

TCT
AAG
AAC
GTT
ACT
AGA
ACA
CCG
CCA
TTG
ACG
AAT
CTG
TCT
ACA
TCA
CAG
CTG
AAG
TGA
TCT
ATA
TTT
CAG
GAA
GAA
GGA
ATC
GCA
TGA
TTT
ATA
TGC
CTG
TTA
CTC
TCC
ACG
AAG
GGT
GCT
TGA
TTC
AGC

GTT
ACG
TCC
ATA
CTG
CGA
GTC
GAT
TAA
AGT
TGG
ATC

CTG
CCG
CAT
TGG
CCT
TGT
TTC
CTG
ACT
CAT
ATG
TGG
GTA
TTG
ATG
TTC
ACT
TGA
GCG
TGA
TCC
GAT
TAC
CAC
AAA
TGC
TAG
GCT
AGA
GAA
AAA
TTA
CGT
CGA
AAC
AGT
TGA
GTG
CGG
GTC
TAA
AAT
CTC
TCA
GAA
GCT
CTC
CccC
CCT
TAG
ACC
CAA
TAG
CTA
TAC
TAG
TCA

TGA
AGA
TCA
CGC
GTC
CGT
CGG
TCG
TCA
CCT
AAA
CCA
TCT

AAC
AAG
ACG

CTG
ATT
TAT
AGA
AAC
ATC
TAA
TCA
TGT
CTG
TGT
TAT
CGT
TAC
CTG
TGA
GCC
CGA
GTA

ATG
GGG
CTA
ACC
GCT
CTC
CAT
GGC
AAG
TGG
GTC
GTA
CccC
CCcC
CAG
CGG
CTT
CGG
AGA

ACA
TCG
CGG
CAA
TTG
TGC
TAA
GTT
TTG
CTC
ACT
ACC
TAA
CCG
GTC
GGT
GTG
CCT
AGC
TCG
AAT
TAG
GTC
CccC
GCA
TCC
TCA
GAG
GGC
GTT
GGC
GCA
TGA
GTG
TGG
AAG
GGA
ACC
CCG
GCG
TGC
GCA
CAC

GTG
GTT
TCA
AAG
CGC
TCT
CGT
GGT
AGC
CTA
CGG
TGG
AGA



TCC
AGG
TTA
CAG
TTC
CTT
TCC
TCC
AGT
CAT
ACG
CTT
GGT
TTC
ACC
AAC
GAT
ATC
GCA
ACT
CGG
ATT
AAC

TTT
GAT

TTA
ATC
ACC
AGA
TGC
AAG
CGT
ATC
CGG
TAT
TGT
GAG
TTT
CTT
TTC

CTT
ATA
TCC
CTA

GAT
TTT
ATG
CCA
CAT
ATC
TTT
AAC
TAG
GGT
AAG
TCC
GGC
GAC
TTG

ACC
AGC
TGC
CCT
CAT
CCG
TAA

CTT
GGT
AAG
ATG
AGC
TGG
ATC
TTT
TTC
GTC
GCG
TCC
AGC
TGG
CTC
AGT
GCT
ATC
CGC
TTT
ATT
AAA
AAA

TTC
CAT
TTT
CTT
TGC
CCcC
AGC
ATC
GCC
ACG
AGT
GAT
ACT
TGA
TTG
GCT
GTT
TTT
AAA
TCA
TGA
AGT

TAC
GAG
TAA
AAT
CTG
CAG
AAT
CGC
AGT
CTC
TAC
CGT
GCA
GTA
ccC
CAT
GAG
TAC
AAA
ATA
ATG
GCC

GGG
ATT
ATC
CAG
ACT
TGC
AAA
CTC
TAA
GTC
ATG
TGT
TAA
CTC
GGC
CAT
ATC
TTT
GGG
TTA
TAT
ACC

GTC
ATC
AAT
TGA
ccC
TGC
CCA
CAT
TAG
GTT
ATC
CAG
TTC
AAC
GTC
TGG
CAG
CAC
AAT
TTG
TTA
TGA
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TGA
AAA
CTA
GGC
CGT
AAT
GCC
CCA
TTT
TGG
CCcC
AAG
TCT
CAA
AAT
AAA
TTC
CAG
AAG
AAG
GAA
CGT

CGC
AAG
AAG
ACC
CGT
GAT
AGC
GTC
GCG
TAT
CAT
TAA
TAC
GTC
ACG
ACG
GAT
CGT
GGC
CAT
AAA
CTA

TCA
GAT
TAT
TAT
GTA
ACC
CGG
TAT
CAA
GGC
GTT
GTT
TGT
ATT
GGA
TTC
GTA
TTC
GAC
TTA
TAA
AGA

GTG
CTT
ATA
CTC
GAT
GCG
AAG
TAA
CGT
TTC
GTG
GGC
CAT
CTG
TAA
TTC
ACC
TGG
ACG
TCA
ACA
AAC

GAA
CAC
TGA
AGC
AAC
AGA
GGC
TTG
TGT
ATT
CAA
CGC
GCC
AGA
TAC
GGG
CAC
GTG
GAA
GGG
AAT
CAT

CGA
CTA
GTA
GAT
TAC
CccC
CGA
TTG
TGC
CAG
AAA
AGT
ATC
ATA
CGC
GCG
TCG
AGC
ATG
TTA
AGG
TAT

AAA
GAT
AAC
CTG
GAT
ACG
GCG
CCG
CAT
CTC
AGC
GTT
CGT
GTG
GCC
AAA
TGC
AAA
TTG
TTG
GGT
TAT

TAG GCG TAT CAC GAG GCC CTT TCG TCT TCA C

CTC
CCT
TTG
TCT
ACG
CTC
CAG
GGA
TGC
CGG
GGT
ATC
AAG
TAT
ACA
ACT
ACC
AAC
AAT
TCT
TCC
CAT

ACG
TTT
GTC
ATT
GGA
ACC
AAG
AGC
TAC
TTC
TAG
ACT
ATG
GCG
TAG
CTC
CAA
AGG
ACT
CAT
GCG
GAC

TTA

TGA
TCG
GGG
GGC
TGG
TAG
AGG
CCA
CTC
CAT
CTT
GCG
CAG
AAG
CTG
AAG
CAT
GAG
CAC
ATT



ColE1

T5 promoter and lac operon 7 -

heta-lactamase

LK

T4
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2. pQE9 _GFP6_lacl_yPheRS naph (8,294 bp)

TS promoter and lac operon
GFPo

Fa0 \

pQEY_GFP6 lacl yPheRS_naph

5804

8204 hp

1659

2438

His_GFP6

yPheRS _alpha subunit

yPheRS_beta subunit

ColE1 origin

beta-lactamase

Full sequence

CTC
GAT
TTA
CccC
GTC
AGT
TGC
TAT
TTT
GAT
GTT
GGA

GAG
TCA
ACT
CGG
CCA
GGA
ACT
GGT
AAG
GAC
AAT
CAC

AAA
ATT
ATG
GTA
ATT
GAG
ACT
GTT
AGT
GGG
CGT
AAA

TCA
GTG
AGA
CCG
CTT
GGT
GGA
CAA
GCC
AAC
ATC
CTC

TAA
AGC
GGA
GTA
GTT
GAA

TGC
ATG
TAC
GAG
GAG

GGA
TCG
GAA
GAA
GGT
CTA
TTT
CccC
AAG
TTA
TAC

115 - 921 bp

yPheES beta

87 bp

1449 - 2972 bp

2987 - 4774 bp

6501 - 6526 bp

8089 - 7229 bp

ATT
TAA
CAT

TTA
GAT
CCT
TCC
GAA
ACG

AAC

TAT
CAA
CAC
ATG
GAT
GCA
GTT
CGT
GGT
CGT
GGT
TAT

TTG
TTT
CAT
AGT
GGT
ACA
CCA
TAT
TAT
GCT
ATT
AAC

CTT
CAC
CAC

GAT
TAC
TGG
CCG
GTA
GAA
GAT
TCA

yPheRS alpha

TGT
ACA
CAT
GGA
GTT
GGA
CCA
GAT
CAG
GTC
TTT
CAC

GAG
GAA
CAC
GAA
AAT

ACA
CAT
GAA
AAG

AAT

CGG
TTC
GGA
GAA
GGG
CTT
CTT
ATG
CGC
TTT
GAA
GTA

ATA
ATT
TCC
CTT
CAC
ACC
GTC

ACT
GAA
GAT
TAC

ACA

GTC
TTT
AAA
CTT
ACT
CGG
ATA
GGT
GGA
ATC

ATT
GAG
GAC
ACT
TTT

ACT
CAT
TTT
GAT
AAC
ATG

ATA
GAG
CTG
GGA
TCT
TTT
TTT
GAC
TTT
ACC
ATT
GCA

ATA

CAG
GTT
GTC
ATT
ACC
TTT
AAA
CTT
CTC
GAC



GGA
CCT
GAT
GGG
TGA
ATT
GCT
ACT
GCA
CAG
GCT
GTG
TTA
GAT
AGA
TCA
CTT
TTA

TGA
AGA
TGC

TGA
AAG
ACA
ATT
GAG
ACC
AGC
CTG
AGG

ATT
GTA
TTC
TTT
ACG
TCG
TAC
TGA
TGG
AAG
TCT
CGG
GCC
AGG
TAA
TAG
TTA
CAG
CCA
CCA

TAT
ACA

CAA
TCC
GTC
CccC
ATT
AGC
TGT
AGC
GGA
TTT
GTT
CAC
TGG
CGC
CCA
TGT
AGT
TGA
CGT
TTA
TGT
ACG

TCA
AGA
GGC
TGG
CTC
AGG
AAT
ATC
AGT
GGA
AAT
TGG
ACG
TTG
TCG
GGG

CAA
TCA
ACT
GCA
TCT
TAT
GGA
TAT
ATT
ACC
CGC
AAG
TTA
AGA
CAA
TAT
TTC

AAG
GTT
CTT
AAC
ACA
TTG
TCA
TTG
TAT
CAG
TCC
TCA
AAT
CAA
ATT
CTG
CCA
ACT
ATG
AAC
CCA
GCT
ATA
AGA

CAG
TCT
AAG
AAT
ACG
CTG
TGC
GAT
TGG
CCA
AAG
CCG

AGC
TCG
AGG
AAT
TTA
GGA
AGG
GGA
ATT
TTC
AAG
TTT
TTC
CTT
CAG
GTT
CAT
GGA
GAA

AAT
CAA
TTA
GAA
CAT
GAC
GAA
GCG
ACC
TCA
CGA
TTA
TGT
GCT
GTG
ACT
CAC
CTT
ACT
TAG
AAC
GGA
CCG
ACA
GAA
AGT
CCA
GTG
TTA
TCG
CTC
CCG
TCG
TCT
AAG
CAG
ACT
GAA
CAT
GTA
ATC
ATA
TCG
ATA
CAA
AAT
GAA
ACA
CAA
TGC
TTT
GGT
AGC
TAC
AGG
CAG
GAT

GGA
CTA
CCA
AAG
GGC
TCC
CGC
AGA
ACC
GTT
CTG
GGC
GAG
TGC
AGC
TCC
TGG
TGA
TGA
TCA
TAG
TCG
ATT
ACT
AGT
TCT
CCA
TGC
GAC
AGA
GTG
ATG
GGT
TGA
ATC
TTG
ACA
TGG
CTA
ACT
TAA
AGG

GAT
AGA
GGA
GCT
GTC
GCC
TAC
TAT
TGC
TCT
TGG
GAG
CAA
CTC

ATC
GCA
GAC
CGT
ATG
TGT
TCG
TTT
GTT
GCT
GAA
ACC
CGG
ATG
GGA
AAT
CAA
AAG
CCA
AGC
GCC
CCA
TAA
CGC
TAA
CGA
ATG

CAG
ACC
ACA
CCA
GAA
CAA
ACG
ACA
GTG
TGG
TTG
GAG
TTC
CCA
TAT
CTA
CGA
TGA
GCT
AAC
CGC
TGC
CAT
ACC
TGA
ATA
AGA
TGT

GAC
AAC
GAC
GAT
TGA
GTT
TCA
GAT
CAA
AGC
CCA
ATA
CCT
ATC
TAG
CTT
CccC
AAG
TCA
CTC

ATG
ATC
TTG
CCG
CAT
TAT
TTT
GTT
TGC
AGA
TCG
CTC
AGC
CCA
TTA
TCA

GTA
TCC

ATC
GCC
CAC
AGA
TAT
GAA
CAC
TGC
CTT
GGG
ACC
CAA
CGT
TCG
GAA

GCT
CAT
CAT
CAC
GAG
TAG
GCC
GGA
ATA
TGT
GGG
GGC
ACA
GCA
GAT

TCC
ACA
AAG
TCC
AAG
ACG
AGC
TGG
CTC
ACC
ACA
CTT
TCT
TCT
AAG
CAT
GTT
ACT
CCA
CCcC
CTC
CCG
TCT
TGT
TTG
ACA
CTG
TAC
TTC
CAC
CAG
CGA
TAA
TGT
GCA
TAC

ATT
TCA
TGT
CAC
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AAC
TAT
TAC
ATG
CTC
ATC
GCC
GCT
TCC
ACC
CAG
TTT
ATT
GTT
TTT
TTC
CTC
ACA
GTG
AAG
TTG
CCT
TTA
ATA
AAG
TCA
AGG
CAG
TTT
GGA
ACA
ACA
ATC
CCA
CCA
ATT
TGG
GTT
TTT
TCA
GTT
TCA
CTG
CGT
CCA
CAC
TGC
ATA
GTT
ATT
AGA
TCA
GGA
GAT
CAT
TTG
CCG

TTT
CAA
CTG
GTC
TAC
CAG
GGG
AAG
CAA
TAT
TGA
ACA
TCA
GAC
CAC
TAA
AGC
AGT
CTC
AGT
GTA
CAA
CTG
GCA
GTA
CCA
ACT
GTG
CCA
ACT
CTT
TGG
GTT
CAG
GAT
TGG
GTG
TGA
CTT
GAC
GGG
GAG
CTA
CTC
AGA
AGA
CAA
CTT
GAT
GAG
TAA
CGA
CAT
CGA
TAT
CTC
TAA

AAA
CAA
TCG
CTT

TAA
CGT
GAA
TGG
AAC
GCG
CTT
CAC
AAT
ACA
AGA
ACG
TAG

TGG
AGG
ACG
ATG
TTG

AAT
TGA
CTC
TGG
TCG
TCT
ACA
ACA
CCA
TGT
CCG
ACC
GAT
GGC
CAG
GGT
AAC
GAT
CGT
GTT
AGA
TCG
GGA
CAT

ATT
TTT
CAA
GTT
TGA
CCT
CAT

ATT
AAT
ACA
CTT
CTG
TGA
TTT
GCT
CAT
CAG
CAA
TAT
AGG
TAA
GGA
AAC
GCT
AGT
TTT
GTC
TCG
AGC

ACG
TCA
TGG
AGT
TTC
GAT
ATG
ACA
ATA
ACT
TCT
TTT
AAT
TGA
TCA
ACG

TAT
TGT
TGG
GAA
CGA
GGC
TTA
ACG
CGA
TAT
ACA
AGA
GTT
TTA
GGA
GCC
TTT

CGC
ACT
CAA
GAG
CAG
CCT
TTA

CGT
ACC
CGC
GCT

TCA
AAC
TAG
CTC
TTT
TGA
AAC
GTC
TTG
CGC
CCA
CAG
AAA
TCA
ACC
TCA
CCC
TCA
TCA
GGA
CTG
CTA
TCC
TCA
AGC
AAG
TGC
CCT
TAG
ACG
CAA
CGA
CTT
CGA
TAA
CAA
CAA
TGC
TTC
CGT
TAA
TTC
ACC
GAT

CAC
CCA
TCT
TTT
CCA
CAG
TTG
ATG

GTT
AAT
TCC
CAG
TCG
AGA
ATG
AAG
CCA
ATG
TTC
AGG
AAC
AAT
AGA
ATT
CCG
AGC
CCT
CAG
TTT
AGG
AAG
AGC
CCA
TCG
ACC
AGT
CTA
GTT
TCG
TGG
GTC
AAG
GCA
ATT
GAA
TTT
AGA
ATC
GCT
CAA
AAT
ACC
ATC
TCC
ATT
TGA

AAC
ATT
GCC
GTA
AGC
AAC
GTG
GAG
GAA
CAG
TAA
GGC
CTA
GCT
CCA
AAT
ATG
AGG
AAG

CTA
TCT
CTA
TTT
TCA
ATC
CTT
TAA
AGA
ACG
ACC
CCG
CAG
GAA
ACC
AGG
TCA
CCT
TGC
AGT
AAA
ATA
ACT
GCA
ATG
AAC
GCT
AAG
AAC
TAA
TCT
TGA
ATT
TCC
AGT
AAT
TAT

ATT
GGC
CTT
ACT
TTA
TCC
AGA

CAT
CTG
TGT
TCG
TGA
CGT
TGA
TGG
TTC
TCG
GTT
TCA
GAG
CCG
TTC
TGA
GTG
TTA
ACA
ACA
TGC
TCC
CAC
TTC
AAG
TGC
GTG
TGG
TGG
ACG

CCA
GAC
AAG
TGT
ATT
TTT
CGG
TTG
ACC
GGA
CGA
ATG
AGG
GAA
AGA
CTT
CAA
AAC

GAA
GAT
TCG
GCT
ATT
ATC
ATC

TTT
GCA
GAG
TAT
CCA
ATA
ATC
ATG
TTT
ACA
CGT
AAG
CTT
CAA
TAG
ACG
TCA
CCT
ATT
AAG
CCT
CAC
TAA
ACG
AAT
TGC
TTT
AAG
AAG
GGC
AAT
TGG
CTA
TCT
ACG
ATT
TGA
GGA
TAT
TGA
GCA
AAA
TAG
TCC
TCA
ACA
CccC
TAG
CGC

GAT
GGC

GCT
AGC
TGG
CAA
ATC
GAG
CGA
TTA
GTT
TGA
ATG
TAG
AGA
CCG
CGG
ACG
ATG
TCA
AAT
CGC
ACT
CCA
CCG
TCA
TCA
CGA
AAC
CCG
AAC
GTC
ACG
TCC
GTG
AGT
CTT
GGG
GTC
CCA
CTT
AAT
TGA
ATT
GGA
CGA
CTA
AAT
ATC
AAA
ATT
AAC
GAA
AGT
TGA
CAC



CGA
TTA
TGG
TAA
TTG
CTT
AAT
ATT
TAT
CTT
TTT
CAC
ACC
AAG
TGG
AGA
AGA
CAG
TCC
TAA
ATA
ACT
GTT
TGT
GCG
AAT
TTC
GAG
GTT
ATC
GCA
TGC
CGC
AGC
CGA
CTT
ATA
CCA
CCG
TGG
CGT
CCA
CCA

GTT
CGC
CTG
GGA
GCT
GGT
AGC
TCC
ACC
GCT
CGG
AGG
GCT

TAA
TTG
CCA
GTA
TCT
GCA
GGA
ATC
TTT
ATG
AGC
TTT
AAT
GAA
GTT
GTG
AGA
ATC
TGA
TGC

TTA
CAA
CTC
CGG
TTT
AGA
TGA
CCA
TTG
CCT
CTT
CAG
TTT
CAT
ACG
GCG
CCG
CAC
GCA
GTT
CTT
CGG
TCA
GAA
GCC
GAA
CGG
TAT

GCC
CGA
CTC
GAA
TCG
GCG

GAC
TGA
ATC
CAT

CGT
AGA
CAA
CAG
TTC
TGT
ATT
CAA
GGC
TGA
GAT
CGA
CAA
AGT
CGA
CTT
GTT
CAA
ACA
ACT
CCA
TCA
GTT
TGG
CTA
CGC
CAT
ccC
CCA
GCT
GGG
CCG
GAT
CTT
CCA
GGG
GTT
TTT
TCT
CAT
AGG
ACG
AAT
TCT
CCA
AGG
CCC
CAG
CTG
GCG
TTC
CCT

CAA
CGA
CCG
CAA

TGA
TGC
TGC
AGT
GCA
CAA
GCC
AGT
GTA
AAT
TGC
TTC
AGA
CAT
AGT
ATA
TAC
CGT
TGA
GCC
ACG
CCA
GCA
TGG
CCG
CCA
TCA
GTT
GAC
GGT
AGA
GAA
AGT
TAC
GTT
CCA
GTG
ccC
GAT
TCA
TTT
GGT
ACC
GTC
CAG
CCA
CTG
GAC
TTC
TGG
GCT
TAT

AGC
ACC
TTT
CTC
GAT
CAT
CGC
CAA
TGC
CGA
ATT
TGG
CTT
CAA
CAT
AGA
TGT
AGG
GAT
CTT
TAG
CAT
CGT
GAA
CGC
CGC
GTG
GCA
TTA
AGA
GCG
GCA
CCG
GCA
GAC

CAT
TAA
AGG
GAT
GAC
CCA
GCG
AAG
CCA
TGC
GCG
GCA
GGC
AAT
GGA
ACG
TAT
CGA
CGC
CCA
CCG

CGA
ATT
GGC
CTG
GTC
TCC
TGT
CTT
ATC
TGA
GGC
TAT
TGA
TGA
TCA
CTA
GAA
CGC
GAA
CCT
ATA
GTT
GAC
TTG
TTT
GGG
AGA
AGC
ACG
TAT
CCA
TTT
CTA
GAC
CCA
TAA
TAG
TGA
CTT
CGG
TGG
CGC
TTT
AGA
CCC
ACC
CAT
TCA
TGC
CAG
ACC
AGC

CCC
TTT
AGC
GTA

GAT
CAC
GCC
TCT
GTT
GGT
CGG
CAT
CTC

CAA
CTT
AAC
ACG
AGG
CGG
AAC
TGA
TTT
ATA
GAT
TTA
TGG
TGC
CCA
GAG
CGG
GGT
GCG
CCG
TCT
GCA
TCG
GCG
ATG
TAC
TGC
TCA
CGA
CGC
AGG
GGT
TCG
CAC
TGA
ATT
GAC
GGC
GGC
GGG
GTA
ATC
GAT
TGC
CTC
TGG
ACT

CGT
GGT

TGG
GCA
AAC
TTA
TGC
TCA
CTT
CCcC

CGG
TCA
GTT
TGC
CTA
GCC
CGA
ATG
AGA
TAT
GAA
CTA
GTC
AGG
GCA
CCA
GGA
CAC
GAT
TGG
GCT
CCG
CGA
TGT
AGG
GCC
CGC
GAG
TGG
TGG
CAG
CGG
ATT
CGA
TTA
GCT
GAG
ATA

ACA
ACC
CGC
AAT
GCT
ATC
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TTT
TGA
CTT
CCT
TGC
TAG
TGG
CAA
AGC
TAA

GAC
TGA
CTG
ATT
TGC
TTT

CGT
TAA
CAT
AGG
AAC
ATG
GGG
CGG
ACA
CGC
TAT
CAA
CGT
TTT
GAA
AGA
CCA
TGA
CAG
CAC
CGC
ATT
CAA
GAA

CAT
GAC
TGG
AGC
CTT
CGG
ACG
AGG

AGG
TTA
GCT
GTG
GTC

GAA
GCC
CAA
AGA
CGT
ACC
TTT
ACC
CAC
ATT
GAC
AGT
CGT
GGC
GGG
TGC
CccC
GCA
TCC
TGT
ATA
GTA
CGC
AGT

TTT
GCT
TGG
AAC
CGC
TGG
GTT
TTT
CAG
GAT
TGG
CTT
TGA
TTC
TAA
CGC
TGT
CGT
ACT
TCT
TGT
GGT
CCG
TAT
CAG
CCG
ATC
CGT
CCG
CAC
TGC
TTG

CAT
TGT
CGA
TCA
TCA
TGA
CAA
ATT
GTG
TCT
TTT
CAA
TGT
TGC
TAA
TTC
AGG
AAT
ATT
TCT
TAT
CCG
GGT
GAG
CCT
GCG
GAT
TTT
ATG
GCA
CAA
GAA
GAT
AAC
GCT
GTG
CCA
CGC
GTT
TCG
CAA
AAT
GGC
CTG
CTT
CGG
GTG
CTT
CAG
GAA
CGT
GAC
TTC
GAT
GCT
ACG
AGT

ATT
AGA
TAG
ATC
ATC
TAT
TAA
ACC
GGT
AAG
GGA
GGA
ATT
CAT
AAT
TGG
TAG
CGG
CGC
AAC
ATA
AGC
TAC
CTA
GTC
TAT
TGC
GCC
AGC
GCC
CCA
AAC
TGC
TTA
CCA
TCT
CAG
GTT
CTA
CCG
TCA
TCA
TGG
CGA
CCG
AAT

CCT
CTC
AGA
TGC
GCT
ccC
ACC
GTA
AAC
CCA

AAC
AAT
AAT
CGC

TTT
TTT
AAT
TGA
ACA
ATA

TAA
CTA
CAT
CAG
AGG
CCA
TGC

TCT
TCG
GTG
ACT
GTG
TGG
CCT
CCA
TGT
CGG
GCA
CGG
GAG
ATG
CGC
GGT
CAA
GCG
CCA
CGA
GCA
GCT
CCT
CAT
GGC
TTC
TAC
CGC
ACT
ACA
TGG
CAA
CTG
TGT
GGT
CCcC
ACC

TAC
TGT
TAT
TGA
GGA
GCA
GCC
CAA
GGT
ATC
CCA
CAG
AGA
CGT
GCA
AGG
TGC
CTT
ATC
AAT
ATA
AAT
CAG
TAC
CCA
GCG
TCA
GCA
CTT
ACT
TCG
ACA
TGA
GGC
CCA
CAG
TGG
CGA
TCG
CAA
ACG
CCG
GGT
CGT
GCT
GGG
CGC
TCA
CAA
TGT
CGT
GTC
GAA
CCG
ATC
CCG
CGG

AAT
CTC
GGA
TGA
AGA
CGC

CAA
TTT
CGA
AGT

CGA
GGG
AAC
TTA
CAA
GGG
CTT
TTT
TAT
TCA
TCG
ATT
GCT
CCA
CCG
GGC
CGG
CGG
CAG
TGG
GAT
CCG
GTC
AGA
CAT
GAA
ACA
TTT
ACT
CCA
TCA
ATA
ATC
CAG
ACA
CTG
AGG
GAG
TTT
AGA
GCT
CCT
TCA
TTC
TAA

GTT
TGA
TGT
AAT
CAA
TTG
GGG
GGT
ACC
CAA
TGT
ACA
CAA
TAA
TTT
CTG
GGT
TGT
TGT
TAC
AGA
CTG
ATG
AAT
GCA
GGG
CCT
GAA
TAT
TAA
TGG
CAC
ATT
CTA
GCG
CAT
CCT
GAT
CCA
GCG
GTT
TCG
CCA
ACG
ATG
CGT
GAT
ACT
CGG
CAA
TCC
GGT
CccC
TTC
GTT
AGC
GAC

CTC
ACA
CTC
TGC
GGA
TGA
TGA
TTC
ATT
TGA
TAG
TTC
ACT
GAA
TAG
GAT
CAT
CTT
AGA
TGA
AAC
GCC
ATA
TGC
TTA
TGG
GGC
AAT
CGT
TGG
GAA
TCC
TAT
ACA
TAC
CAA
GGT
TGT
CCA
ACG
TGC
CCG
CGC
TTA
CCA
TGG
GCG
CGC
TAA
AAG
ATA
GGC
TCG
TCC
CGG
CCG
ACG

ACG
CAA
CAT
TCA
CAT
TAT
GAA
TGA
GAC
TGA
AAC
CTT
AGA
TTC
AAC
TGA
GTT
GCA
GGT
TTT
ACA
GTC
AGC
GTT
ATG
TTT
CCT
CCT
CGT
CGC
CGA
AGT
GCC
GCG
CGT
GAA
CAT
GCA
CGC
GCG
CCG
CTT
GGG
CTG
TAC
GTC
TAA
TGC
TAC
GCC
GGC
GAA
TGC
CTT
TGT
ACC
ACT



TAT
GCG
CAG
GTA
GCA
TTT
TCA
GTT
GCT
CTG
GCC
CAG
TAT
CGC
CAC
GAG
CGA
CAC
GTG
CTT
TGC
TGT
CTT
CAA
TTC
TTG
AAG
ATA

CGC
GTG
TAT
GCT
AGC
CTA
TGA
TTA
TAA
CCT
CCA
CAA
CCG
CAG
GCT
TTA
TCG
TGC
AGT
GCC
TCA
TGA
TTA

AAT
AAT
TGC
GGC

CAC
CTA
TTG
CTT
AGC
CGG
GAT
AAT
TCA
GAC
GTG
TAA
CCT
TTA
CGT
CAT
TTG
ATA
ACT
CGG
TCA
GAT
CTT
AGG
ATT
GTA
CAC
GTA

TGG
CAG
GTA
GAT
AGA
GGT
TAT
CAA
GTG
TCC
CTG
ACC
CCA
ATA
CGT
GAT
TCA
ATT
CAA
CGT
TTG
CCA
TCA
GAA
ATT
TTT
CTG
TCA

CAG
AGT
TCT
CCG
TTA
CTG
CAA
TCT
AGG
CCG
CAA
AGC
TCC
GTT
TTG
CccC
GAA
CTC
CCA
CAA
GAA
GTT
CCA
TAA
GAA
AGA
ACG
CGA

CAG
TCT
GCG
GCA
CGC
ACG

CAC
TCG
TGA
CAG
AGT
TGC
GTA
CCA
GTA
TTA
AGT
TAC
AAC
CGA
GCG
GGG
GCA

TCT
GGC

CCA
TGA
CTC
AAC
GCA
CTC
GGA
GTA
CTA
TGT
TAC
CCG
CTA
GCA
TGG
TGT
AGT
CTG
CAT
GGG
GTT
TGT
TTT
CGA
TTT
ATA
AAG
CCT

CTG
AGT
TGC

GAA
AGT
TCT
TAT
TCT
AGA
CGC
GAA
TTA
ACG
CTT
TGT
TGG
TCA
TCT
ATA
CTT
AAC
CTG
CAC
ATC
AAC

TTC
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GTA
GGT
TGA
CCA

GGA
TCA
ATG
CAG
TAA
GAG
GGG
ATT
TTG
CAT
GCA
CCG
TGC
GAG
ATA
CGG
CCA
GGT
GGA
AGG

CCA
GTC

ACA
GGC
AGC
CCG
AAG
ACG
CCT
AGT
CGA
CTA
ACC
CCG
GTT
TTG
TCA

CAG
CAT
AAT
CCG
GGC
CTC
GAG
AAT
GTT
TAG
TTA
TTC

GGA
CTA
CAG
CTG
GAT
AAA
AGA

TCT
CGA
CAC
AGC
GCC
CCA
GCT
AAG
TGT
CCG
AGT
CGC
GAA
GTG
CAA
GTT
ATT
GGG
TTA
AC

TTA
ACT
TTA
GTA
CTC
ACT
TCC
CTT
GTC
TAC
GCT
GCA
GGG
TTG
CCG
CGG
TAT
TAA
GTA
CAC
AAC
CAC

GAA
GTC
TTC
TCA

GCA
ACG
CCT
GCG
AAG
CAC
TTT
GGT
TAT
GGG
CAC
GAA
AAG
CTA
GTT
TTA
CAC
GAT
TGC
ATA
TCT
CCA
CAG
TAC
TCA
CGC
TGA

GAG
GCT
TCG
GTG
AAG
GTT
TAA
CTG
TTC
AGG
CGG
GTG
CTA
CAG
CCC
GCT
TCA
GCT
GGC
GCA
CAA
ACT
GAA
TCA
TGA
GCA
CAT

CGA
ACA
GAA
GTT
ATC
AAG
ATT
ACA
GTT
GCT
CTC
GTC
GAG
GCA
AAC
CCT
TGG
TTT
GAC
GAA
GGA
GAT
GGC
TAC
GCG
CAT
TAA

GGT
CTA

TTT
CTT
GGA

GTT
CAT
TAC
CAG
CTG
TAA
TCG
GAT
TCG
TTA
CTG
CGA
CTT
TCT
CTT

TCT
GAT
TTC
CCT

ATG
GAA
GAG
TTG
TGA
TTT
AAT
ACC
CCA
CAT
ATT
CAA
GTA
TGG
CAA
GTC
TGG
TGA
GTT
TAA
TAC
CAG
ATG
TCC
ACA
CccC
ATA

TAG
GGA
TTG
TTT
TCT
TGG
GAA
AAT
TAG
CTG
TAT
CTT
GTT
TGT
GGC
CTC
CAG
CTG
GCT
AAG
CGC
CAT
CCG
TTT
TAT
GAA
AAA



heta-lacthmase

ColE] origin

a4E1
pQEl6_mDHFR lacl yPheRS naph

3671
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3. pQE16_mDHFR_lacl_yPheRS_naph (8109 bp)

TS promoter and lac operon
mDHFE

T221

£109 hp

g1l

1621

2431

T5 promoter and lac operon

mDHFR_His

yPheRS_alpha subunit

yPheRS_beta subunit

lacl®

ColE1 origin

beta-lactamase

Full sequence

CTC
GAT
TTA
GTG
AGG
AAA
AAT

GAG
TCA
ACT
TCC
AAC
CAG
CGA

AAA
ATT
ATG
CAA
GAG
AAT
CCT

TCA
GTG
AGA
AAT
TTC
CTG
TTA

TAA
AGC
GGA
ATG
AAG
GTG
AAG

GGA
TCC
GGG
TAC
ATT
GAC

7 -

yPheES beta

87 bp

115 - 660 bp

1264 - 2787 bp

2802 - 4589 bp

5926 - 4842 bp

6501 - 6526 bp

7904 - 7044 bp

ATT
TAA
GGC
ATT
TTC
ATG
AGA

TAT
CAA
ATC
GGC
CAA
GGT
ATT

TTG
TTT
ATG
AAG
AGA
AGG
AAT

CTT
CAC
GTT
AAC
ATG

ATA

TGT
ACA
CGA
GGA
ACC
ACC
GTT

yPheES_alpha

GAG
GAA
CCA
GAC
ACA
TGG
CTC

CGG
TTC
TTG
CTA
ACC
TTC
AGT

ATA
ATT
AAC
CCC
TCT
TCC
AGA

ACA

TCG
TGG
TCA
ATT
GAA

ATT
GAG
ATC
CCT
GTG
CCT
CTC

ATA
GAG
GTC
CCG
GAA
GAG

ATA

GCC
CTC
GGT
AAG
GAA



CCA
ATT
AGT
ACA
GGG
GAA
CAT
GAT
CGC
AGC
ATC
TAC
GCA
CTT
AAT
AGT
TTT
ATT
CCT
AAC
GGT
CAA
GTT
GCC
CTT
GAT
CAA
CTC
AAG
TCA
TTT
TGG
GAC
TAC
TAT
TCC
ACC
CAT
CTG
GGT
TTT
TTC
GGT
ATC
GCT
CCG
CCC
CCA
GTG
AAT
AGT
TAT
AAG
CTC
AGG
TGA
ACA

CCA
GAA
TCT
AGG

CAC
CCA
CGG
TAA
CCA
CTA
GTG
TAC
TTC
TGA
TCA
CTA
CAG
AAG
GCT
GAG
GGT
TCA
ACT
AGC
GGT
ACC
GAC
GGT
TCC
AAC
ACT
ATG
CGT
ACA
AGA
TTG
GGT
TTG
TCT
AGA
TGG
AGA
GCT
TCT
AAG
CAG
CCA
ACT
TGA
TGA
ATA
ACG
ACA
TCG
TTA

CGA
CAA
GTT
ATC
TAT
GGC
CAT
GTA
GCG
GGA
ATG
TAA
AGC
ACT
ACA
CAA
CAC
AAG
CAC
TTA
CAA
TTG
AAG
AAC
GAT
ATT

TTG
GCT
ATG
TTC
TTC
GAC
TAC
GCC
TTG
GCC
GAC
AGA
TGG
CCA
GGG
GAA
AGA
CCG
AGT
AAG
ATC
TGG
TCA
GAA
AAT
ATT
TCA
AGT
TTG

GGA
CCG
TAC
ATG

ATC
CAC
ATG
TTT
AGC
GCA
CCA
GCA
TTA
CAG
TTA
AGG

GGC
GAG
ATT
GGT
GTC
GAG
GAA
GAC
ATC
TTG
AAG
CTT
GGA
GAT
TAC
AAT
AAC
ATC
TTT
GAA
CTG
TTC
CAC
GAA
TTA
CTG
TTG
TGA
TCG
AGG
GTT
AAC
TCG
ATA
TAC
TAG
AGT
TTT
AGG

GCT
GAA
CAG
CAG
CTT
AAG
CAT
ACC
TTT
TAA
TCG
GAC
ACG
TGC
GAA
ATC

CTA
TCT
TTT
TTG
CAA
GGT
CTT
ACG
GCC
ACA
GAA
TTC
CAC
TTC
GCC
ATC
ATC
TGG
TCT
TCT
TTC
ATC
AAG
GAA
ATG
TCC
TTA
GAC
ACA
ACG
CCT
ACG
GTA
ACA
TCA
ATG
ATT
TCG
ATA
ATT

CAT
TTG
GAA
GAA
CTC
TAT
CAC
TCA
ATT
AAT
TAA
CGT
CAA
TTC
ACA
ATC
CAG
GAT
CAA
TCC
AAT
CTT
CAG
GAA
CAA
AAG
GAT
ACC
AAG
CCC
ACA
CTT
AAG

AAG
GCC
ATC
CAC
AAG
CCT
GGT
CTC
TTG
GGT
GAA
AGC
AAT
TGA
ATT
AAG
AAT
AGC
CCA
CAA
TAC
AAT
CTC

TTT
GCA
GCC
TTT
CCA
AAG
TAA
GAA
GGT
GGA
AGA
TCA
TTA
CGG
GCT
GGC
ACC
GAA
GAT
AAG
GAA
CAA
GCT
CTC
TCT
ATT
TTC
GAT
CCT
TTA
GAG
TAC
GAC
GCC
CCA
AGA
GAC
CAG
TTC
ACC
TTG
GAG
GAA
CAT
GAC
AGC
TAT

TGC

CAA
TTA
ATC
TTG
CAT
CTC
CAG

CTT
AGT
ATG
GAA
GAA
TTT
GCT
CTC
GAG
GAA
ACA
GCT
ATG
CTC
ATG
TCG
ATG
TTG
GTT
GTC
GGT
ATC
AGA
TCC
ATT
TTG
AGT
CTT
TAC
AAC
ATG
GTC
CCA
GTT
GAA
ATG
CGT
GTG
ATG
TAC
CAA
TCC
AGA

TTG
AAT
GTT
CCG
TTT
GAC
CGG
ACG
TAT
AAG
TGA
CAG
TCT

199

GCC

AAT
AGT
TAC
GAA
TAA
CAT
AAT

TTT
GGC
TGA
GTA
ACC
TAT
AAT
GAT
CTT
GAC
TCG

GCT
GCA
CTA
AAC
GTC
ACC
AAT

CCcC
CCA
CTA
CAC
GAA
CTG
GTT
GAA
GAA
GGG

ATG
CCT
GTC
TAC
TAT
TTG
GGG
GTA
CTG
AGC

GTA
GTC
ATC
AAC
TCC

AAA
GTA
CAA
GAC
CCA
GTC
TTA
CTG
CCA
AAT
TGA
ACG
GTT
TGT
ATG
AAT
CTA
GAG
TCC
ACG
TAC
GAT
TTC

GCG
GAC
ACC
TCC
TTC
GTC
TCG
CAA
ACC
GAA
TGT
CAC
TTC
GGT
GAG
CCT
TGG
GGT
ACC
TCT
GAA
TTG
AAT
AGG
TCG
ACT

AAT
GAA
CAT

AGA
CAG

AGT
GAC
CCA
ACG
GGC
TAC
GCT
GAT
AGC
CAC
GGC
ACA
AGC
TGT
ATT
GGA
GAG
ATC
GCT
GTT
GAA
GTG
AAG
TTG
CAA
TTG

GAC
AAT
AGA
AAC
CAG
GCT
CAG
CAA
GAT
CGT
GTT
TTT
TAC
GTC
CTA
ATG
TTG
TAA
ATC
TCG
AGC
AAG
ATA
TTA
CTT
ACA
TCC
CCC

TTA

TTG
ATG
GGC
TTT
GTC
GAG
GAG
TTG
TAG
TGG
ATT
GGT
TCA
GTG
ACG
TCC
ATG
AAG
TTG
ACG
ATT
ATG
AAC
CAA
ATC
AAG
GGG
ATG
TCT
GAG
CAA
CAT
GAG
GGG

TTG
AAC
CTT
TTC
GGG
GAA
CCA
ATC
GAC
GGC
TTC
GTA
CGG
GTA
AAT
GAC
ACG
GAA
ATT
AAG
ACA
TTA

GAT
GTT
CAC
TTC
CTC
AAG
CTT
TTC
CTT
ATA
TCA
TTC
CTC
GAA
CCA
AAT
TCT
TCC
AAC
TAT
AAA
TCC
GGC
AAT
AAG
AAA
CCA
GTC
CAA
GAA
TAC
CCT
TTG
AGA
TTG
GCC
GAA
GCC
GAA
GAG
ATC
AAG

TTT
AGG
TAG
TGG
AAT
TTT
TAA
CTT
CTT
GCT
ACA
AGT
ACA
TGG

GAT
TGG
CTT
CCA
TCT
AAA
GGA
AGA
GGC
TAC
GTC
CCG
ATT
TTG
AGC
TGT
GAC
ACA
TCT
GAC
CTA

TGG
ACC
AAC
AGA
GAG
TCC
GGT
TTT
GTC
GCT
ccC
TTC
GTC
AAA
GCA
GAC
AGA
CCA
GGT
GAT
TAT
ATC
AAT
GCA

TGA
CAC
GCA
TTG
CTT
TGG
GAG
TTA
TAG
ACA

GCC
ATA
AGA
GAA
GAG
GGT
CTC
ACG
GAG
CAC
AGT
ACT
AGG
TGA
TTG
GAG
TTC
CTG
TTG
TTG
GTC
CTA
ATC
GAT
AAC
AAG
TTC
ACC
GTG
AGA
GAG
CGT
GAT
GGG
TTG
GAT
GTT
TAC
ATG
TCT
AAC
CTA
AAG
GAA
AGA
AAG
TGG
AGC
AGT
AGC
CTA
TTA
TTG
CTC
CTG
GGA
GCA

TTA
GTC
CTC
ATT
GTC
TCC
CTG
CTC
ATT
CGT
TGC
GGA
CAC
GCG
CAT
CGG
CAA
GCA

ACC
AAG
GGC
GCC
TTA
TCG
TTA
TCG
AAT
CAA
CAA
ACA
GAC
GAC
TCC
AGA
CCA
GAC
AAC
GGT
ATG
TTT
AGA
GTT
ACC
TTA
ACT
ACG
TTG
CGC
CAA
CCG
TTG
CCA
TAC
GTG
GAT
AAG

AGA
GGA
TTT
GAT
CAG
AGA
TTG
GGT
TTC
TGA
TCA
AAG
CcC
GAT
GCC
AAT
TTA
ACT
GCC
AAA
CTC
CCT

AAT
CAT
ATT
ACC
GCA
ATA
ATT
GGT
CTG
AAG
ATC
ACT
AAG
GCC
ATT
GTC
GAA
GGT
GTC
CAA
AAT
TGC
ACA
AAG
ATA
TGA
CCA
CTG
CCT
TGG
CAC
ACA
ACG
ATC

CTT
GGC
GTG
TTG
GAG
TCT
ATA
TGC
AGG
TAT
ATG
CGG
AGG
AAC
TGC
CGA
GAA
TTC
CAC
GAA
ATC
CAA
AAC
GAG
CTG
GCT
GAC
TAC
TCT
TTC
TTC
CAA
ACA
GGT
CAC
CccC
ACC
ACT
ACC
ATC
ATG
CTT
AAC
CCT
CTA
CTT
ACA
TCA
ACG
CTA
CTG
TGC
GTA
CAA
AAT
TTC
GTG



TTT
CccC
TTT
TTG
ACT
GCC
ATG
CTA
ATG
CCA
AAG
TTA
CAA
AGA
GTG
ACT
TAT
CTG
ATT
CAA
ACG
GTA
ACA
TAG

AAT
CGG
GCG
AAC
ACG
ATA
CCA
TCG
GTT
TGA
GAG
ACC
TTG
GCA
CCA
CCG
GAT
GCA
GGA
GAA
GCA
TGA
ATG
AAG
TCT
GCG
AAC
AAG

CAG
CTT
TGC

GCT
GTA
TGA
AGC
TCA
TAG
CCG
GAC
GTT
AAC
CCA
AAT
AGA
CAG
ACG
GGG
TGG
CTG
TCC
AGC
TTC
ATG
TAT
GGT
CCG
GAG
GAA
GTT
AGC
CTG
TAA
ACG
TTG
TGT
ATT
ACA
AGA
ATG
GCT
CTG
CTT
TTA
ACG
ATG
ACG
TAC
CTC
GTG
CGG
TCC
GTA
GCA
GCC
AAT
GCG
ACC
TCA

CccC
ACA
ACA
CTG
ACG
ATC
TTC
CTG
TCA
CAT
CGT
TTC
CTT
TCA
TTG
CTG
GTA
CTT
CAG

CAT
TTC
ATA
ACC
CGG
TGA
ACC
TGC
TGA
GTT
CAT
CGC
GCA
TGA
TGA
GAA
TGC
GGT
TCC
ACG
CGT
ATC
CCA
TAA
TGG
TCT
TCT
TCG
TGT
GCT
TCA
GGA
GCG
CGA
TTT
GGA
CGC

TGC
TTT
TAT
TAG
ATA
AAT
AAT
ATA
ATA
TAC
GGG
TAA
TGG
AGG
TAT
CCA

CTG
GTA
TCG
TCG
TAA
TAT
GAG
TTA
GCT
TGT
GTA
TTG
TGC
GAG
AGC
ACC

TTG
CTT
TCC
GTC
ACA
CGT
TCT
GCC
ATC
TTC
CTG
GCG
TCC
GAA
GAA
TCC
GCT
AAG
TTG
CGC
CCC
TAC
TGT

CAC
TGA
TAA

GAA
CCG
CAA
TTT
ATT
CAA
TTG
GAC
AAT

TTA
TCT
TCA
GCA
GAG
GCC
CTG
CAA
ATC
CTC
CGT
AAC
CGT
TTG
CccC
CCC
CTG
CCG
AGC
CCG
CGA
AAT
ACG
TGG
GCA
TGC
ACC
GCG
AGC
AGC
GCC
ACA
GGG
TTT
ATA
TCG
CAC
AAC
CTG
TCA
CCT
CTG
AGG

CAT
TTG
CTA
TTG
TTA
CTG
AGG
TGC
TGC
TCA
AGG
AAT
ACC
ACA
AAG
ACG
TGC
GAG
GTG
ACT
CAT

TAT
GAA
GCA
TTA
GCC
GGC
TTC
AGC
TCT
GAC
ATC
GAC
GTG
GGG
CccC
TCA
ATG
GCG
ATC
ACA
AAC
TCC
TGG
TCG
CGC
CGG
CCG
CTC
TCA
ATG
GCG
AGT
GGA
TCC
TAT

ATA
CAA
TCT
TGG
ATG
AAG
ACG
CAA
ACA
TTT
CCG
AAG
GAA
ACG
TGG

GTT
CCA
TGG
CCT
TTT
ATA
TTC
GTC
CAT
AGC
GCC
ACC
AGG
TCG
TCG
GCA
ATG
AGA
CCcC
AGT
GAG
GCA
AGA
GAC
ATT
GAC
GCC
TTC
TAT
TAT
GCA
CAC
ACT
AAG
TGA
TTT
CAG
AGC
GCC
CTC

TAA
TGT
CTG
ATG

ACA
CTT
AGG
AGG
TAC
ACA
TTG
AAC
ACA
GTA
CTT
ACT
AGG
GTG
TTG
TTA
TAG
ACT
GAT
TAA
TGC
AGG
GCC
CGA
GTA
GTA
GTG
GCA
TAT
GCT
CGC
ACA
TCC
AGA
ACC
TGC
TGT
ATC
ACC
AAC
CAT
GCG
AGA
GAC
GCG
GCA
TTC
AGG
TCC
TTT
AGT
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TAA TCA ATA

CCG
TCT
AAC
TCT
TTG
AGG
GTG
GTG
TTT
CAT
ATG
TTA
ATT
AAC
AGA
TTA
GGA
TCA
TCT
TAG
CTG

GGC
GAT
TTG
ATT
GTG
TGG

TCG
ATG
GGA
CTC
TTA
AAC
GTA
TCA
TGG
TTG
ACC
GAC
TTG
GCC
ACG
GTT
GCC
TTG
TGC
TCG
GTA

CAT
TGG
CTC
CTC
TCG

GTG
CCA
CAC
ACA
CCA
CTC
ACA
ATA
AGA
CTG
TGA
ATG
GAA
CCT
TAG
ATT
GAA
TTG
TGT
TGC
AGG
ATT
CAC
CGT
AAG
CGT
AAT
GTT
ccC
TCC
TCG
GCG
ACG
CAG
TGC
AGC
CCG
AGA
TCA
TGC
ACG
GGC
ccC
GCT
CGG
ACT
ATA
GGT
GTA
CTG
ATA
GGC
AGG
CGA
GTG
CCT
GTG

AAC
CCG
GTT
ATG
TTA
ATT
TCT
TAA
AAT
ATA
CCT
ATT
CCA
TAC

CTG
CAG
AAG
TCA
ATC
TTA
TAT
AAC
CGT
CTG
TGC
GAA
TTT
TGA
TGT
TAT
CGC
ATG
TCG
CAG
GCG
TCT
AAT
TCC
ACC
CTG
GCG
GCC
TCC
GAA
GGT
CCG
CCT
AGG
CGC
CGG
CAG
CTC
AAC
CGC
TCG
TAG

ATT
ATA
ATT
GCC
AGT
GTC
TGC
TGG
TAT
TTT
TAT
TAG
CTT
CAA
GGA
GGT
AGT
AAG
GAT
CTG
ATG

TAA
TTT
TCA
GCT
TCG
CTT
GAG
TTG
CCcC
ATT
ccC
CCT
CCA
ATT
TCA
AAC
AGC
GCC
GCA
TGC
AGT
ACT
ACG
TTC
CGA
GGC
AGA
TCG
TTA
CAA
CGC
CCG
TCT
GGA
GTC

CGA
AGA
GTG
AAT
ACA
TAA
ACG
AAG
CCA
TCA
GTT
CTG
TAT
TCA
AGG
TTG
GGA
ACG
CCA
AAG
CCG
ACT
AGT
ACA
AAC
CAC
GCC
TTC
AGT
ATG
ACT
GCG
TCA
TCC
GCC
TGC
TGG
GCC
GGA
GCT
CCcC
AGG
TGT
TTT
GTC
ACA
AAG
CAC

GTC
TCC
AAG
CccC
ACA
CCT
AGC
GTT

AGA
CCA
ACG
ccC
TCA
AAA
TTG
ATG
ATG
GAG
CGC
TCA
TGC
AAG
CGT
AAA
TTG
ATT
AAG
TCA
AAG
TAT
TTA
ACG
ATG
TGC
AAC
ACC
TGC
GTG
ACC
CcCcC
TTC
CGT
AGA
TGG
GAG
GGA
TAG
TTA
AGT
GCC
TGT
TCC
TGA
TTC
GTT
GGG
TAC
TGT
ACA
GCC
CCT
GGA
GTT
GTG
CGC

TCT
AAG
AAC
GTT
ACT
AGA
ACA
CCG
CCA
TTG
ACG
AAT
CTG
TCT
ACA
TCA
CAG
CTG
AAG
TGA
TCT
ATA
CCA
TCG
AGA
CCG
GCG
AGT
AGC
GTT
GAG
AGC
AGC
TCC
CGC
TGA

ACA
TTA
CAG
TGA
AGA
GCC
CGC
TAA
ACC
TTG
TGC
CGC
CGG
GAA
AGG
GAC
CTA
CCG
GCG
TCC

CTG
CCG
CAT
TGG
CCT
TGT
TTC
CTG
ACT
CAT
ATG
TGG
GTA
TTG
ATG
TTC
ACT
TGA
GCG
TGA
TCC
GAT
TGT
TGA
ATT
CTT
CGG
GAG
AAG
AAC
ATA
GCC
ATT
GCT
AGA
CccC
ATA
TTA
ATG
GCT
TCG
CTG
ACG
GTT
GAG
ACC
CAC
GCA
ATC
CTG
TCA
AAC
GAG
TAA
ACC
CTT
AAG

TGA
AGA
TCA
CGC
GTC
CGT
CGG
TCG
TCA
CCT
AAA
CCA
TCT

AAC
AAG
ACG

CTG
ATT
TAT
AGA
TTT
CTG
GTG
TCC
GGA
ACG
CGG
GGC
TCC
ATC
TGC
ATC
CGC
AAT
ATA
GTG
ATC
TCG
GCG
GAG
CGG
TTC
ACA
CTG
CAT
TGA
AGG
CGG
GGG
CGT
CAT
AGA
CTG
TCT
CTG

ACA
TCG
CGG
CAA
TTG
TGC
TAA
GTT
TTG
CTC
ACT
ACC
TAA
CCG
GTC
GGT
GTG
CCT
AGC
TCG
AAT
TAG
ATA
GGA
CCT
AGT
GAG
GGC
TCC
GGG
GCA
TGA
ATG
GGC
GCC
GCG
CTG
CAG
AGC
ACG
CGA
GTG
TTG
GCA
CCG
AAT
TCG
CTT
CGC
CGA
GAT

CAC
TAC
CCG
CAA
GGC



TGT
CGT
GGT
TGG
CTG
ACC

TGG
TTC
TAT
TCA
ATA
CGA
AGG
AAT
GTT
TCA
TGC
GCC
ATG
TGA
AAT
TCG
CccC
GGG
CGG
CAG
CAA
ACC
CGT

GTG
CTT
AAC
TGG
AAG
ACC

AAC
ACC
GAG
GCG
ACT
GAC
GCC
TGT
GTT
TTC

GCA
CCA
GAA
ACC
GGG
ACT
TGA

GGT
ATA
ATT
CTT

CAC
GAG
AGG
CCT
CCA
GCT
GGA
GAA
TAG
TAA
ATC
ACG
CCA
GAG
TGC
GCC
AGC

GTG
TCC
TAG
GCG
CGA
CGT
GCA
TGT
TAT
GGG
ATT
CAC

GAA
TCC
ATT
AAC
GTT
GGT
TCT
AAC
ATC
ACT
TGT
ATA
CGC
CGC
CGG
ATT
TCC
GCG
TTA
GTA
TGT
CCA

GCA

TGA
TGT
GTT
ATC

CccC
AAC
AGC
TAC
ACC
AGC
CAA
TCA
CTT
TGG
CTA
CGG
TCA
AGA
GAA
GCT
GGT
GTT
TCA
AGA
ATG
CAT
CTC
CccC
ACA
ATA
CTC
CCG
ATG

CCcC
CCG
AGA
GGC
TTC
GGT
GAA
CGT
TTA
TCT
TTT
GAG
CCG
AGT
GCT
ACA
TCC
AGC
CTC
TGC
CGG
AGC
TCA
AAC
GGA
CTC
ATG
CGC
ACA

GTT
GTA
GCG
TAC
GGA
GGT
GAT
TAA
AAT
GAC
CGT
GGC
GCT
GGT
AGA
GGC
CAA
TCC
ATG
TTT
CGA
AGA
AGG
TGA
AGG
ATA
AGC
ACA
TTA

CAG
AGA
AGG
ACT

TTT
CCT
GGG
TAA
AGT
TCA
TTA
CCA
CCT
GTA
ATC
CGA
TTC
GTT
TCT
CCG
ACT
ATC
TCT
CAA
CTC
GGA
TTT
ACC
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CCC
CAC
TAT
AGA
AGA
TTT
TTG
ATT

TAC
TCC
CCA
GAT
GCA
AGT
GTG
TCA
GGT
ATG
GTG
AGT
TTA
TTA
TCA
AAT
TTC
TAC
ccC
TAT

GAC
GAC
GTA
AGG
GTT
GTT
ATC
TTG
TGA
CAA
ATA
TCT
TTA
ACT
AGT
GTG
AGG
CCT
GCA
ACT
TGC

CCG
GCA
GCC
CTT
ATA
CGA

CGC
TTA
GGC
ACA
GGT
TGC
TTT
GTC
AGT
TGC
GCT
GGC
TCA
TTA
TCG
TCA
CGA
CCG
GCA
GGT
TCT
GTG
CTG
TCT
GCA
TTT
TTT

AAT

TGC
TCG
GGT
GTA
AGC
AAG
TCT
ATG
TTT
TTA
GCC
CccC
GCA
TCC
CCA
CGC
GTT
ATC
CTG
GAG
TGC
CTC
TTG
TTT

CAA
GAA
GTG
AGG

GCC
CCA
GCT
TTT
TCT
CAG
ACG
AGA

ATC
TGA
AGT
ATA
GCC
GTT
TCG
ACA
GTT
CAT
TAC
CCG
ATC
AGA
ACT
AAG
TAT
TGT
CCA
CGT

TTA
CTG
ACA
GGT
TGA
CAG
GGG
TTA
TCA
AGT
CTC
GCT
AAC
TCC
AAT
TCG
TGA
GTC
AAT
TCA
GCG
ATT
TCC
TTC
GGA
TAT
ATT
CCT
ATC

TCC
GCA
GAG
ATC
TCC
ATT
TCT
TCA
ATC
GAG
CccC
GCA
CAG
ATC
AGT
TTT
TCC
AGA
TCT
ACC
TCA
GGA
AGT
ACC
ATA
TGA
TAG
GAC
ACG

GGT
GCA
TTC
TGC
GGC
ACG
GAC

TAA
GCA
GTC
ATG
CCA
CAG
TTG
GGT
CcC
AGT
CTT
AAG
ATA

TCG
AGC
AGG
AGC

GTC
AGG

AAC
GCC
TTG
GCT
AAA
CGC
GCT
AGG
AGT
CCT
GTG
ATA
GCC
TCT
CGC
ATG
ATG
AAG
ACT
TCA
CGG
CGT
ATG
GTT
GCG
ATT
AAT
TAA
CccC

TAT
ACT
AAG
CTG
CAA
AGA
CAG
ATC
ATA
ATC
TAG
CCG
GGA
ATT
AAC
GCT
TTG
TTG
GTC
TTC
GAT
TCT
TAA
TCT
ACA
TAT
AAA
GAA
TTT



202
4. pQE32_yPheRS (T415G) (6,895 bp)

TS promoter and lac operon

beta-lactamase ——I-

1 yPhe RS alpha
6202 690

5513 1579
pQE32_yPheRS (T415G)

yPheRES beta

T5 promoter and lac operon 7 - 87 bp

yPheRS_alpha subunit 115 - 1680 bp

yPheRS_beta subunit 1695 - 3482 bp
ColEL1 origin 5103 - 5127 bp
beta-lactamase 6690 - 5830 bp

Full sequence

CTC GAG AAA TCA TAA AAA ATT TAT TTG CTT TGT GAG CGG ATA ACA ATT ATA ATA
GAT TCA ATT GTG AGC GGA TAA CAA TTT CAC ACA GAA TTC ATT AAA GAG GAG AAA
TTA ACT ATG AGA GGA TCT CAC CAT CAC CAT CAC CAT GGG ATC CAG ACC ATG AAT
CTA GAG ATG TCT GAC TTC CAA TTA GAA ATT CTA AAG AAA CTA GAT GAA TTG GAT
GAG ATC AAG TCC ACA CTG GCA ACT TTC CCT CAG CAC GGC TCT CAA GAT GTT CTT
TCC GCT TTG AAC TCT TTG AAA GCC CAC AAC AAG TTA GAG TTT TCC AAG GTC GAC
ACG GTT ACG TAT GAC TTG ACC AAA GAA GGT GCT CAA ATT TTG AAT GAA GGT TCG
TAC GAA ATT AAA CTA GTC AAG CTC ATC CAA GAG TTG GGT CAA CTT CAA ATC AAA
GAT GTG ATG TCC AAA CTA GGC CCT CAA GTT GGT AAG GTC GGT CAG GCT AGA GCT
TTC AAG AAC GGC TGG ATC GCC AAA AAC GCC TCA AAC GAG CTT GAA CTC TCC GCA
AAA TTG CAA AAT ACC GAT TTA AAT GAG CTT ACT GAT GAA ACG CAA TCT ATT CTA
GCG CAA ATC AAG AAC AAC TCG CAT CTG GAT AGC ATT GAC GCC AAG ATT TTG AAC
GAC TTG AAG AAA AGA AAG TTA ATT GCT CAA GGT AAA ATC ACA GAT TTC AGT GTC



ACC
TCC
TTC
GTC
TCG
CAA
ACC
GAA
TGT
CAC
TTC
GGT
GAG
CCT
TGG
GGT
ACC
TCT
GAA
TTG
AAT
AGG
TCG
ACT

AAT
GAA
CAT

AGA
CAG
GTG
CCA
CAC
ACA
CCA
CTC
ACA
ATA
AGA
CTG
TGA
ATG
GAA
CCT
TAG
ATT
GAA
TTG
TGT
TGC
AGG
ATT
CAC
CCA
AGA
TGG

GAC
AAT
AGA
AAC
CAG
GCT
CAG
CAA
GAT
CGT
GTT
TTT
TAC
GTC
CTA
ATG
TTG
TAA
ATC
TCG
AGC
AAG
ATA
TTA
CTT
ACA
TCC
ccC

TTA
AAC
CCG
GTT
ATG
TTA
ATT
TCT
TAA
AAT
ATA
CCT
ATT
CCA
TAC

CTG
CAG
AAG
TCA
ATC
TTA
TAT
AAC
AGC
ACT
TGA

GGG
ATG
TCT
GAG
CAA
CAT
GAG
GGG

TTG
AAC
CTT
TTC
GGC
GAA
CCA
ATC
GAC
GGC
TTC
GTA
CGG
GTA
AAT
GAC
ACG
GAA
ATT
AAG
ACA
TTA
ATT
ATA
ATT
GCC
AGT
GTC
TGC
TGG
TAT
TTT
TAT
TAG
CTT
CAA
GGA
GGT
AGT
AAG
GAT
CTG
ATG

TAA
TTA
CCA
GAA

CCA
GTC
CAA
GAA
TAC
CCT
TTG
AGA
TTG
GCC
GAA
GCC
GAA
GAG
ATC
AAG

TTT
AGG
TAG
TGG
AAT
TTT
TAA
CTT
CTT
GCT
ACA
AGT
ACA
TGG
CGA
AGA
GTG
AAT
ACA
TAA
ACG
AAG
CCA
TCA
GTT
CTG
TAT
TCA
AGG
TTG
GGA
ACG
CCA
AAG
CCG
ACT
AGT
ATT
TCT
TCC

GAG
TCC
GGT
TTT
GTC
GCT
CcCcC
TTC
GTC

GCA
GAC
AGA
CCA
GGT
GAT
TAT
ATC
AAT
GCA

TGA
CAC
GCA
TTG
CTT
TGG
GAG
TTA
TAG
ACA
AGA
CCA
ACG
CCC
TCA

TTG
ATG
ATG
GAG
CGC
TCA
TGC
AAG
CGT

TTG
ATT
AAG
TCA
AAG
TAT
TTA
AGC
GGA
AAG

TTC
ACC
GTG
AGA
GAG
CGT
GAT
GGG
TTG
GAT
GTT
TAC
ATG
TCA
AAC
CTA
AAG
GAA
AGA
AAG
TGG
AGC
AGT
AGC
CTA
TTA
TTG
CTC
CTG
GGA
GCA
TCT
AAG
AAC
GTT
ACT
AGA
ACA
CCG
CCA
TTG
ACG
AAT
CTG
TCT
ACA
TCA
CAG
CTG
AAG
TGA
TCT
ATA
CCA
TGA
TTT
CTA

TCG
AAT
CAA
CAA
ACA
GAC
GAC
TCC
AGA
CCA
GAC
AAC
GGT
ATG
TCT
AGA
GTT
ACC
TTA
ACT
ACG
TTG
CGC
CAA
CCG
TTG
CCA
TAC
GTG
GAT
AAG
CTG
CCG
CAT
TGG
CCT
TGT
TTC
CTG
ACT
CAT
ATG
TGG
GTA
TTG
ATG
TTC
ACT
TGA
GCG
TGA
TCC
GAT
TCT
GCT
GTT
GCT

ACC
GCA
ATA
ATT
GGT
CTG
AAG
ATC
ACT
AAG
GCC
ATT
GTC
GAA
GGT
GTC
CAA
AAT
TGC
ACA
AAG
ATA
TGA
CCA
CTG
CCT
TGG
CAC
ACA
ACG
ATC
TGA
AGA
TCA
CGC
GTC
CGT
CGG
TCG
TCA
CCT

CCA
TCT

AAC
AAG
ACG

CTG
ATT
TAT
AGA
TAA
TGG
CAG
TGG
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GAC
TAC
TCT
TTC
TTC
CAA
ACA
GGT
CAC
CCC
ACC
ACT
ACC
ATC
ATG
CTT
AAC
CCT
CTA
CTT
ACA
TCA
ACG
CTA
CTG
TGC
GTA
CAA
AAT
TTC
GTG
ACA
TCG
CGG
CAA
TTG
TGC
TAA
GTT
TTG
CTC
ACT
ACC
TAA
CCG
GTC
GGT
GTG
CCT
AGC
TCG
AAT
TAG
AGG
ACT
AAC
CGA

CTC
AAG
TCA
TTT
TGG
GAC
TAC
TAT
TCC
ACC
CAT
CTG
GGT
TTT
TTC
GGT
ATC
GCT
CCG
CCC
CCA
GTG
AAT
AGT
TAT
AAG
CTC
AGG
TGA
ACA
TTT
CcCcC
TTT
TTG
ACT
GCC
ATG
CTA
ATG
CCA
AAG
TTA
CAA
AGA
GTG
ACT
TAT
CTG
ATT
CAA
ACG
GTA
ACA
TAA
CCT
GCT
GAT

ACC
GAC
GGT
TCC
AAC
ACT
ATG
CGT
ACA
AGA
TTG
GGT
TTG
TCT
AGA
TGG
AGA
GCT
TCT
AAG
CAG
CCA
ACT
TGA
TGA
ATA
ACG
ACA
TCG
TTA
GCT
GTA
TGA
AGC
TCA
TAG
CCG
GAC
GTT
AAC
CCA
AAT
AGA
CAG
ACG
GGG
TGG
CTG
TCC
AGC
TTC
ATG
CAT
TGG
GTT
CGG
TTT

AAA
TTG
GCT
ATG
TTC
TTC
GAC
TAC
GCC
TTG
GCC
GAC
AGA
TGG
CCA
GGG
GAA
AGA
CCG
AGT
AAG
ATC
TGG
TCA
GAA
AAT
ATT
TCA
AGT
TTG
CCcC
ACA
ACA
CTG
ACG
ATC
TTC
CTG
TCA
CAT
CGT
TTC
CTT
TCA
TTG
CTG
GTA
CTT
CAG

CAT
TTC

GTA
GAT
TTG
CAG

TTG
AAG
CTT
GGA
GAT
TAC
AAT
AAC
ATC
TTT
GAA
CTG
TTC
CAC
GAA
TTA
CTG
TTG
TGA
TCG
AGG
GTT
AAC
TCG
ATA
TAC
TAG
AGT
TTT
AGG
TGC
TTT
TAT
TAG
ATA
AAT
AAT
ATA
ATA
TAC
GGG
TAA
TGG
AGG
TAT
CCA

CTG
GTA
TCG
TCG
TAA
TGT
CCC
AGA
CCG
GAG

GAA
TTC
CAC
TTC
GCC
ATC
ATC
TGG
TCT
TCT
TTC
ATC
AAG
GAA
ATG
TCC
TTA
GAC
ACA
ACG
CCT
ACG
GTA
ACA
TCA
ATG
ATT
TCG
ATA
ATT
CAC
TGA
TAA

GAA
CCG
CAA
TTT
ATT
CAA
TTG
GAC
AAT

TTA
TCT
TCA
GCA
GAG
GCC
CTG
CAA
ATC
CGG
TCC
CCG
CTA

ACC
AAG
CccC
ACA
CTT
AAG

AAG
GCC
ATC
CAC
AAG
CCT
GGT
CTC
TTG
GGT
GAA
AGC
AAT
TGA
ATT
AAG
AAT
AGC
CCA
CAA
TAC
AAT
CTC
CAT
TTG
CTA
TTG
TTA
CTG
AGG
TGC
TGC
TCA
AGG
AAT
ACC
ACA
AAG
ACG
TGC
GAG
GTG
ACT
CAT

TAT
GTC
AGT
GGC
AGG

GAT
CCT
TTA
GAG
TAC
GAC
GCC
CCA
AGA
GAC
CAG
TTC
ACC
TTG
GAG
GAA
CAT
GAC
AGC
TAT
AAA
TGC

CAA
TTA
ATC
TTG
CAT
CTC
CAG
TAA
ATA
CAA
TCT
TGG
ATG
AAG
ACG
CAA
ACA
TTT
CCG
AAG
GAA
ACG
TGG

GTT
CCA
TGG
CCT
TTT
ATA
GAC
AAT
GTT
AAG

CTT
TAC
AAC
ATG
GTC
CCA
GTT
GAA
ATG
CGT
GTG
ATG
TAC
CAA
TCC
AGA

TTG
AAT
GTT
CCG
TTT
GAC
CGG
ACG
TAT
AAG
TGA
CAG
TCT
TCA
TAA
TGT
CTG
ATG
AAA
ACA
CTT
AGG
AGG
TAC
ACA
TTG
AAC
ACA
GTA
CTT
ACT
AGG
GTG
TTG
TTA
TAG
CTG
GAC
TTT
CTA

ACC
AAT

CccC
CCA
CTA
CAC
GAA
CTG
GTT
GAA
GAA
AAT

ATG
CCT
GTC
TAC
TAT
TTG
GGG
GTA
CTG
AGC
AAA
GTA
GTC
ATC
AAC
TCC
ATA
CCG
TCT
AAC
TCT
TTG
AGG
GTG
GTG
TTT
CAT
ATG
TTA
ATT
AAC
AGA
TTA
GGA
TCA
TCT
TAG
CTG

CAG
CTC
TAT
AAA



TGG
AAG
TTC
TTT
TTC
GTT
ACC
ACG
TCT
TGG
ACA
TCC
GCG
TGA
GCC
CCG
ACA
GAC
TGA
AGA
CGT
GCT
AAT
AGG
TAG
GCG
CGT
CccC
GGT
CGA
CGA
TGT
AAG
AGT
TGT
GAT
TTT
ATG
CCA
CAT
ATC
TTT
AAC
TAG
GGT
AAG
TCC
GGC
GAC
TTG

ACC
AGC
TGC
CCT
CAT

AGA
AAC
AGC
ATC
GTA
ACA
ACG
GTG
CAG
ACA
AGG
ATG
GGG
CTC
TTT
CccC
TGC
AAG
CccC
GCA
AAG
GCG
ACG
CCA
GCT

GCG
TTC
GTA
CCG
CTT
AGG
GAC
TGG
TTG
CTT
GGT
AAG
ATG
AGT
TGG
ATC
TTT
TTC
GTC
GCG
TCC
AGC
TGG
CTC
AGT
GCT
ATC
CGC
TTT
ATT

ATT
TGG
CGG
TGG
CCG
ACG

CCA
ACT
TGC
TCG
CGT
TCT
CGT
TCT
AGC
ccC
AGT
GAT
GAG
CTC
GTT
GCA
CCG
CccC
CTC
GGG
GGT
CTG
ATC
CGG
AGT
TAG
CAA
TTC
CAT
TTT
CTT
TGC
CccC
AGC
ATC
GCC
ACG
AGT
GAT
ACT
TGA
TTG
GCT
GTT
TTT

TCA
TGA

TTG
ATA
CCT
CAA
TTT
ATT
ACC
ATC
TCT
TGA
GCA
AAT
AGC
TTT
AGA
TCC
GTC
CAC
TGT

GGT
ATC

CcCcC
GAC
TCC
AAG
CGT
CGC
GCC
TGC
ATT
CTC
GCA
TAC
GAG
TAA
AAT
CTG
CAG
AAT
CGC
AGT
CTC
TAC
CGT
GCA
GTA
CCC
CAT
GAG
TAC

ATA
ATG

TCA
AGG
TTA
TTA
TGA
TCC
TCC
TGG
CCT
TCG
TGC
GAA
TTT
TTG
ATC
GCT
CGG
AGG
GTA
ACT
ATA
CGT
CAC
GGC
CCC
AGG
TGT
CGT
TCG
CTT
ACT
TAC
TGG
TTG
GCA
GGG
ATT
ATC
CAG
ACT
TGC

CTC
TAA
GTC
ATG
TGT
TAA
CTC
GGC
CAT
ATC
TTT
GGG
TTA
TAT

CTG
CAT
CGG
TTC
AAG
ATG
GGC
CCT
GGG
CCC
CGC
TGC
TTT
AGG
TGT
GCC
AGA
GCG
GCG
GAG
CCG
TCG
AGA
CAG
TGA
ACT
TCC
GGC
CTC
ATC
GGC
AGA
TAT
ATC
GAT
GTC
ATC
AAT
TGA
CCC
TGC
CCA
CAT
TAG
GTT
ATC
CAG
TTC
AAC
GTC
TGG
CAG
CAC
AAT
TTG
TTA

GAT
TTC
CCT
ACA
ACG
AGC
AGT
ATT
TGA
CCG
TGG
TTA
AAG
CAT
TGT
TCG
CGG
CGT
ATA
AGT
CAT
GCT
ATC
GAA
CGA
ATA
GAC
GCT
CAA
CGG
AGC
GTT
CTG
CGG
TAC
TGA

CTA
GGC
CGT
AAT
GCC
CCA
TTT
TGG
CCC
AAG
TCT
CAA
AAT

TTC
CAG
AAG
AAG
GAA

ATA
AGT
TTT
TTC
GTG

TTC
TCC
GTT
TTT
CGA
ATG
GCA
CAA
TTG
CGC
TCA
CAG
GCG
GCA
CAG
GCG
AGG
CCG
GCA
AAG
CCT
TTC
GCT
TAA
AGC
CTT
CGC
CAA
GCG
CGC
AAG
AAG
ACC
CGT
GAT
AGC
GTC
GCG
TAT
CAT
TAA
TAC
GTC
ACG
ACG
GAT
CGT
GGC
CAT
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CCA
CAG
TAA
TTG
AGC
CTG
TAC
CTA
TCA
TCA
TTC
AAT
GTT
ATA
TCG
GTT
CAG
CGG
GAG
CCA
GCG
GCG
GGA
TAA
TCA
ATA
GCC
TCA
GGG
CTA
CAC
GAA
TCT
ACA
CAG
TCA
GAT
TAT
TAT
GTA
ACC
CGG
TAT
CAA
GGC
GTT
GTT
TGT
ATT
GGA
TTC
GTA
TTC
GAC
TTA
TAA

CCG
TTG
AGA
ccC
TGG

ACA
AAG
CCA
CCA
AGG
TAC
ATT

GTG
TCG
CTT
GTG
TGT
TAT
CTC
AGC
TAA

CAA
CCA
GCT
TAG
CTG
TCG
TGG
GTG
GCT
AAC

GTG
CTT
ATA
CTC
GAT
GCG
AAG
TAA
CGT
TTC
GTG
GGC
CAT
CTG
TAA
TTC
ACC
TGG
ACG
TCA
ACA

TTG
CTC
CCG
GCC
TGA
CGT
TAT
GGT
GTT
TGG
TTC
AAC
GGT
CGA
AAC
GTG
GTC
TTG
ATA
GCG
TTC
GGT
CGC
GGC

GGC
TAC
CTC
TGT
TCT
TAA
GTG
GAA
CAC

GAA
CAC
TGA
AGC
AAC
AGA
GGC
TTG
TGT
ATT
CAA
CGC
GCC
AGA
TAC
GGG
CAC
GTG
GAA
GGG
AAT

ATA
AAT
TAA
TGA
TAT
TTT
ATT
TTA
TTG
GCA
ATC
AGT
GCC
AAG
GCT
ATG
TGT
GCG
CTG
GTG
CGC
ATC
AGG
CGC
TCG
GTT
CGG
ACG
GCA
TGA
CAG
GCC
GCC
CGC
AGG
CGA
CTA
GTA
GAT
TAC
CCC
CGA
TTG
TGC
CAG
AAA
AGT
ATC
ATA
CGC
GCG
TCG
AGC
ATG
TTA
AGG

TAT
GTA
AGA
TGA
GGG
CAT
CGC
TTG
ATT
AAT
ATG
ACT
CTT
GCT
CTC
ACG
AAG
GGT
GCT
TGA
TTC
AGC

GTT
ACG
TCC
ATA
CTG
CGA
GTC
GAT
TAA
AGT
TGG
ATC
AAA
GAT
AAC
CTG
GAT
ACG
GCG
CCG
CAT
CTC
AGC
GTT
CGT
GTG
GCC
AAA
TGC

TTG
TTG
GGT

CCcC
CCT

ATG
ATA
CGC
AAG
AGA
TAA
ATT
CCG
GCG

CAG
CTG
GTG
CGG
GTC
TAA
AAT
CTC
TCA
GAA
GCT
CTC
CCcC
CCT
TAG
ACC
CAA
TAG
CTA
TAC
TAG
TCA
CTC
CCT
TTG
TCT
ACG
CTC
CAG
GGA
TGC
CGG
GGT
ATC
AAG
TAT
ACA
ACT
ACC
AAC
AAT
TCT
TCC

AAT
ATA
ATA
CTC
GTG
TCT
ATG
ATA
ACG
ATA
TTT
ATG
CGC
TCG
AGT
AAA
ATG
GGG
CTA
ACC
GCT
CTC
CAT
GGC
AAG
TGG
GTC
GTA
CccC
CccC
CAG
CGG
CTT
CGG
AGA
ACG
TTT
GTC
ATT
GGA
ACC
AAG
AGC
TAC
TTC
TAG
ACT
ATG
GCG
TAG
CTC
CAA
AGG
ACT
CAT
GCG

GGC
ACC
AGC
ATC
TTC
GGA
TGG
TGT
TGG
CGC
GTG
AGT
CTG

AGG
ACC
CCG
GCG
TGC
GCA
CAC

GTG
GTT
TCA
AAG
CGC
TCT
CGT
GGT
AGC
CTA
CGG
TGG
AGA
TTA

TGA
TCG
GGG
GGC
TGG
TAG
AGG
CCA
CTC
CAT
CTT
GCG
CAG
AAG
CTG
AAG
CAT
GAG
CAC

ATC
AGA
ACA
CGG
ACC
GTG
CGT
TTT
CCA
AAG
ATG
GGC
GGG
GAC
ACA
TCT
GGA
CAG
GGC
CAG
TGA
GGC
AGC
TTT
GAG
CTC
CTT
CAG
TCA
AAG
GAG
CAC

TTT
TCC
AGG
TTA
CAG
TTC
CTT
TCC
TCC
AGT
CAT
ACG
CTT
GGT
TTC
ACC
AAC
GAT
ATC
GCA
ACT
CGG
ATT

GTA
CCG
AGT
AAT
CTT
AAT
GTT
TCG
ATA
GCG
GCT
AGG
TAA
TGG
AAT
GAC
GCA
CCA
ATC
ATG
CTC
GGT

CCA
GTG
CCT
TCT
TTC
GCC
ACA
GTA
TAG
AAG
TTT
TTT
GAT

TTA
ATC
ACC
AGA
TGC
AAG
CGT
ATC
CGG
TAT
TGT
GAG
TTT
CTT
TTC

CTT
ATA
TCC
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CCG AAA AGT GCC ACC TGA CGT CTA AGA AAC CAT TAT TAT CAT GAC ATT AAC CTA
TAA AAA TAG GCG TAT CAC GAG GCC CTT TCG TCT TCA C
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5. pREP4_ytRNAP™ AAA (4084 bp)

HindlII 2
Clal 4081

Fhal 3384

Eglll 322 Promoter & RES
Eazl 352

plSA Ori aminoglycoside phosphotransferase

Sacll 3397

Emnl 3201

Ipp
EcaRI 3022 -

ytRNA
HindIII 2905
Hhel 2801

Promoter & REES
Aell 2597

Heol 218

Aoeal 1323

Smal 1325

Hpal 1755
EcoRV 1811

Apall 2277
lacl Apal 2054

Vector size 4084 bp

agpt promoter 259-260 bp
RBS 336-344 bp
Aminoglycosie phosphotransferase 357-1151 bp
lacl promoter 2638-2639 bp
lacl repressor 1529-2611 bp
Ipp promoter 3029-3083 bp
ytRNA 2945-3020 bp
transcriptional terminator(rrnC) 2938-2909 bp
p15A origin of replication 3408-3411 bp

Full sequence

AAG CTT CAC GCT GCC GCA AGC ACT CAG GGC GCA AGG GCT GCT AAA GGA AGC GGA
ACA CGT AGA AAG CCA GTC CGC AGA AAC GGT GCT GAC CCC GGA TGA ATG TCA GCT



ACT
GCA
AAC
TAA
CTG
ACG
AAC
GCC
ACG
TGC
CGG
TGG
ACC
TTG
TGT
ATG
TCA
CTA
TGC
TTG
GCC
GGG
TCT
CAG
CGT
GCA
ATT
GCT
CCA
CCG
GGC
CGG
CGG
CAG
TGG
GAT
CCG
GTC
AGA
CAT
GAA
ACA
TTT
ACT
CCA
TCA
ATA
ATC
ATG
CTG
GTG
GGT
ATC
AGG
TCA
GGG
TCT
GGT
AGC
GCT
TCC
GCC

GGC

GGG
GTG
CGG
ACT
ATC
CAG
AGA
CGG
AGG
TCG
GGC
CTG
ACC
TCG
TCG
GCG
TCG
CccC
TTT
ACG
CAA
CTT
CAT
CTG
CGG
GGA
AAT
GCA
GGG
CCT
GAA
TAT
TAA
TGG
CAC
ATT
CTA
GCG
CAT
CCT
GAT
CCA
GCG
GTT
TCG
CCA
ACG
ATG
CCG
ACG
TAC
TTT
CTT
ACC
GCG
CGC
TTT
GTC
AGA
CGG
TGG
GTT
TCA
GGC

CTA
GGC
AAT
GGA
ANG
GTT
CAA
TTC
CAG
ACG
AGG
ATG
ANG
ATC
CCA
ATG
ACT
GTG
ACG
AGT
CCT
CGG
GCT
CTG
CAT
GTG
TGC
TTA
TGG
GGC
AAT
CGT
TGG
GAA
TCC
TAT
ACA
TAC
CAA
GGT
TGT
CCA
ACG
TGC
CCG
CGC
TTA
CCA
CTT
GGG
TGG
Ccc
AGC
TCC
TTA
CAC
CAC
AGT
ATA
TCG
ANG
TTT
GTG
TCC

TCT
TTA
TGC
TGG
AGA
CTC
TCG
TTT
CGC
TTG
ATC
CAA
CGA
AGG
GGC
CCT
GTG
ATA
GTA
TCT
GCC
AAT
GGA
CCT
CCA
GGG
GTT
ATG
TTT
CCT
CCT
CGT
CGC
CGA
AGT
GCC
GCG
CGT
GAA
CAT
GCA
CGC
GCG
CCG
CTT
GGG
CTG
TAC
CGC
TGG
CGA
AGT
TTT
AGA
CAA
TTA
CAG
GAA
TGT
TTC
ATG
CCA
GTG
CTC

GGA
CAT
CAG
CTT
CAG
CGG
GCT
TTG
GGC
TCA
TCC
TGC
AAC
ATG
TCA
GCT
GCC
TTG
TCG
TCT
ATC
CGT
GTT
GAG
GGA
AGG
GCG
AAT
TTC
GAG
GTT
ATC
GCA
TGC
CGC
AGC
CGA
CTT
ATA
CCA
CCG
TGG
CGT
CCA
CCA

GTT
CGC
CTT
TGC
AAG
CAC
CGC
TTT
GTA
TTT
TGA
GTG
GAT
GAC
CCA
TAG
GCG
GTG

CAA
GGC
CTG
TCT
GAT
CCG
GCT
TCA
TAT
CTG
TGT
GGC
ATC
ATC
AGG
TGC
GGC
CTG
CCG
GAG
ACG
TTT
CTT
GCT
AAC
CAC
CTC
CGG
TTT
AGA
TGA
CCA
TTG
CCT
CTT
CAG
TTT
CAT
ACG
GCG
CCG
CAC
GCA
GTT
CTT
CGG
TCA
GAA
CGC
GTA
GGG
GAC
TAA
TTA
TTA
TTG
GAC
CTT
ACA
TGC
GGA
GCT

CGC

GGG
GAT
GGG
TGC
GAC
CTT
CTG
AGA
CGT
ANG
CAT
GGC
GCA
TGG
CGC
CGA
TGG
AAG
CTC
CGG
AGA
CCG
CGC
GGA
CAG
GAT
ACT
CCA
TCA
GTT
TGG
CTA
CGC
CAT
Cccc
CCA
GCT
GGG
CCG
GAT
CTT
CCA
GGG
GTT
TTT
TCT
CAT
AGG
GCG
ACG
GAG
GTT
GGA
GTC
CAC
ATC
GGG
CAT
GGA
GGC
AGA
CCG
CccC
TCT

AGC
CGC
CGC
GGT
GGG
ATG
CCG
GGC
CGG
CTC
TGC
TCG
ACG
GCA
ATA
GTG
AGC
CCG
GAC
TTT
GGA
CCA
CGA
CAG
GGC
GCC
ACG
CCA
GCA
TGG
CCG
CCA
TCA
GTT
GAC
GGT
AGA
GAA
AGT
TAC
GTT
CCA
GTG
Ccc
GAT
TCA
TTT
CGA
GCA
GTG
GTA
TCT
TGG

GTT
CAA
GTG
TAT
GAG
TAC
Ccc
GAC
CCT
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ACG
TAG
CCT
CAA
CGT
TGG
CCG
ACC
TGG
GAA
ACC
ATA
AGC
ANG
TGC
TCA
TGG
TTG
ATT
TCT
CGA
CGC
Ccc
CCT
CGG
CGC
CGC
CGC
GTG
GCA
TTA
AGA
GCG
GCA
CCG
GCA
GAC

CAT
TAA
AGG
GAT
GAC
CCA
GCG
ANG
CCA
TGC
ATT

CTG

GCA
CGC
GTT
CGC
CAG
GCA
ATT
CGG
TTA
Ccc
AGG
GTT

CAA
ACT
CTG
GGA
TTC
AGA
CCG
TGT
CCA
GGG
TTG
CGC
GAG
AGC
CCG
TGG
CGG
GCG
CGC
GGG
TTC
CGG
CGG
CGC
CTA
TTT
TTT
GGG
AGA
AGC
ACG
TAT
CCA
TTT
CTA
GAC
CCA
TAA
TAG
TGA
CTT
CGG
TGG
CGC
TTT
AGA
Ccc
GCC
GTC
GCA
CAA
CGA
GTG
TCT
TTT
TCA
CTG
GGA
CCG

ACA
TGA
ACT
CCT

GCG
GGG
GTA
TCT
GCA
GGC
TGT
CCG
CGA
ACT
CTC
TTG
CAC
ATC
ACG
TGG
ACC
GCG
AGC
GTT
CAC
CTG
GCT
GGA
TCC
GGT
CCA
GAG
CGG
GGT
GCG
CCG
TCT
GCA
TCG
GCG
ATG
TAC
TGC
TCA
CGA
CGC
AGG
GGT
TCG
CAC
TGA
ATT
GAC
CCG
GGC
CGG
GTG
Ccc
TAT
ANG
GCT
GAA
CTT
TGG
GGG
CAA
ATA
GCC

CAA
CGG
AGG
GAT
TGC
TAT
TCC
GTG
CGG
GGC
CTG
ATC
GTA
AGG
GCG

GCT
AAT
GCA
CGA
CGC
GAT
CGA
GTT
GCG
CGA
GTC
AGG
GCA
CCA
GGA
CAC
GAT
TGG
GCT
CCG
CGA
TGT
AGG
GCC
CGC
GAG
TGG
TGG
CAG
CGG
ATT
CGA
CCT
CCG
GAT
CCA
CGA
AAC
GTT
ANG
TAC

CCT
CTT
ANG
GCA
AAG
TTT

AGA
TTT
TTG
GGC
TTG
TCG
GGC
Ccc
GCG
TGC
CCG
CGG
CTC
GGC
AGG
ATG
ATC
GGG
TCG
AAT
CGC
GAT
TCC
CTA
CAT
CAA
GGG
CGG
ACA
CGC
TAT
CAA
CGT
TTT
GAA
AGA
CCA
TGA
CAG
CAC
CGC
ATT
CAA
GAA

CAT
GAC
TGG
GTC
GAC
TAA
GTG
ACT
TGA
GAG
CGG
TAT
AGG
CGC
ACG
TGA
TCA
ATA
CGG

GAA
TAT
GGA
GCA
AAC
GCT
TGT
TGA
TTC
TAT
AGA
CTA
GGA
TCG
ATC
GCC
AGG
CTG
CCT
GAC
CTT
CCT
CCT
CCG
CCA
TTC

TTT
GCT
TGG
AAC
CGC
TGG
GTT
TTT
CAG
GAT
TGG
CTT
TGA
TTC
TAA
CGC
TGT
CGT
ACT
TCT
TGT
CCT
ATC
GTT
CCA
CTG
GCT
AAT
CGC
GTT
CTG
TCA
AAC
GAG
CGA
CCA
TTT

AGC
GGA
AGC
GGG
ANG
ATG
CAG
ATG
CTT
TGG
ANG
CCT
TGG
CGC
TCG
GCT
ACA
ACC
TCT
CGA
CTA
CCA
CGC
GCA
TGC
GCG
CCT
GCG
GAT
TTT
ATG
GCA
CAA
GAA
GAT
AAC
GCT
GTG
CCA
CGC
GTT
TCG
CAA
AAT
GGC
CTG
CTT
CAA
CCT
AGC
GGG
AGC
TGG
AAG
ATT
CAG
GGC
CAC
CTG
GGG
GGC
AAT
GGC
ACC

AGG
CAG
CCT
GAT
ATG
ACT
CGC
AAC
GCG
GCG
TAT
GCC
ANG
CAG
TCG
TTT
TAG
GCT
ATC
CCA
TGA
GCG
GAG
GTG
Ccc
CTA
GTC
TAT
TGC
GCC
AGC
GCC
CCA
AAC
TGC
TTA
CCA
TCT
CAG
GTT
CTA
CCG
TCA
TCA
TGG
CGA
CCG
CGT
GTT
GCT
TAA
TTA
ATC
TCC
TTT
GGT
ACT
CGG
ACT
GCG
CGC
CTG
GTT
GGT

TAG
CAA
GCA
CAA
GAT
GGG
AGG
TGC
CAG
ANG
CCA
CAT
CCG
CCG
TGA
CTG
CGT
TCC
GCC
AGC
AAG
CGG
TTG
CAA
CGA
ACT
GTG
TGG
CCT
CCA
TGT
CGG
GCA
CGG
GAG
ATG
CGC
GGT
CAA
GCG
CCA
CGA
GCA
GCT
CCT
CAT
GGC

CAG
AGC
CGC

GAA
GCG
TTG
GGT
GAT
TGC
CGC
GAG
GGC
ACG
TCC
GTC

CTT
GCG
AAG
GAT
TGC
CAC
GGC
AGG
CTG
TGC
TCA
TCG
GTC
AAC
CccC
GAT
TGG
TCG
TTC
GAC
GTT
GGA
GTT
ATC
ACT
TAC
CCA
GCG
TCA
GCA
CTT
ACT
TCG
ACA
TGA
GGC
CCA
CAG
TGG
CGA
TCG
CAA
ACG
CCG
GGT
CGT
GCT
TGC
CTA
GGA
CAG

CAC
AAT
ATG
TTT
GAG
GTC
TAC
ATT

CTC
CCT
ATT



CCG
GGC
CTG
AGC
CAT
CAA
CGC
AAC
TGC
TGT

CTG
AGT
CGC
ACC
GCG
GCC
CCT
GAT
AAT
TAA

TTA
TCG
CTT
ACT
CCG
AGT
GCA
CTC
TTA
TTC

TGG
CTC
ATC
GGC
GTT
TAC
AGG
ANG
TCT
TCA

CCG
CAA
CGG
AGC
ANG
CTC
CGG
ANG
CTT
TGT

CGT
GCT
TAA
AGC
GCT
GGT
TTT
ATC
CAA
TTG

TTG
GGA
CTA
CAC

TCA
TTT
ATC
ATG
ACA

TCT
CTG
TCG
TGG
CTG
AAG
CGT
TTA
TAG
GCT
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CAT
TAT
TCT
TAA

AGT
TTT
TTA
CAC
TAT

TCC
GCA
TGA
TTG
GGA
TGG
CAG
ATC
CTG
CAT

ACG
CGA
GTC
ATT
CAA
TAG
AGC
AGA
AAG
CGA

CCT
ACC
CAA
TAG
GTT
CTC
ANG
TAA
TCA

GAC
Ccc
Ccc
AGG
TTG
AGA
AGA
AAT
GCC

ACT
CGT
GGA
AGT
GTG
GAA
TTA
ATT
CCA

CAG
TCA
AAG
TAG
ACT
CCT
CGC
TCT
TAC

TTC
GTC
ACA
TCT
GCG
TCG
GCA
AGA
GAT

CGG
CGA
TGC
TGA
CTC

GAC
TTT
ATA

GTA
CCG

AGT
CTC
AAC
CAA
CAG
AGT
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Appendix B

Marker Protein Information
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1. GFPyv (Clontech) (without a N-terminal hexa-histidine tag)

DNA sequence

ATG AGT AAA GGA GAA GAA CTT TTC ACT GGA GTT GTC CCA ATT CTT GTT GAA TTA
GAT GGT GAT GTT AAT GGG CAC AAA TTT TCT GTC AGT GGA GAG GGT GAA GGT GAT
GCA ACA TAC GGA AAA CTT ACC CTT AAA TTT ATT TGC ACT ACT GGA AAA CTA CCT
GTT CCA TGG CCA ACA CTT GTC ACT ACT TTC TCT TAT GGT GTT CAA TGC TTT TCC
CGT TAT CCG GAT CAT ATG AAA CGG CAT GAC TTT TTC AAG AGT GCC ATG CCC GAA
GGT TAT GTA CAG GAA CGC ACT ATA TCT TTC AAA GAT GAC GGG AAC TAC AAG ACG
CGT GCT GAA GTC AAG TTT GAA GGT GAT ACC CTT GTT AAT CGT ATC GAG TTA AAA
GGT ATT GAT TTT AAA GAA GAT GGA AAC ATT CTC GGA CAC AAA CTC GAG TAC AAC
TAT AAC TCA CAC AAT GTA TAC ATC ACG GCA GAC AAA CAA AAG AAT GGA ATC AAA
GCT AAC TTC AAA ATT CGC CAC AAC ATT GAA GAT GGA TCC GTT CAA CTA GCA GAC
CAT TAT CAA CAA AAT ACT CCA ATT GGC GAT GGC CCT GTC CTT TTA CCA GAC AAC
CAT TAC CTG TCG ACA CAA TCT GCC CTT TCG AAA GAT CCC AAC GAA AAG CGT GAC
CAC ATG GTC CTT CTT GAG TTT GTA ACT GCT GCT GGG ATT ACA CAT GGC ATG GAT
GAG CTC TAC AAA CTG CAG CCA AGC TTA ATT AGC TGA

Amino acid sequence

MSKGEELFTGVVP ILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFSYGVQCF
SRYPDHMKRHDFFKSAMPEGYVQERT I SFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGN I LGHKLE
YNYNSHNVY I TADKQKNG I KANFK IRHN 1EDGSVQLADHYQQNTP IGDGPVLLPDNHYLSTQSALSKDPNE
KRDHMVLLEFVTAAGITHGMDELYKLQPSLIS

2. GFPyy

DNA sequence

ATG AGA GGA TCG CAT CAC CAT CAC CAT CAC GGA TCC GTC GAC CTG CAG CCC CGG
GTA CCG GTA GAA AAA ATG AGT AAA GGA GAA GAA CTT TTC ACT GGA GTT GTC CCA
ATT CTT GTT GAA TTA GAT GGT GAT GTT AAT GGG CAC AAA TTT TCT GTC AGT GGA
GAG GGT GAA GGT GAT GCA ACA TAC GGA AAA CTT ACC CTT AAA TTT ATT TGC ACT
ACT GGA AAA CTA CCT GTT CCA TGG CCA ACA CTT GTC ACT ACT TTC TCT TAT GGT
GTT CAA TGC TTT TCC CGT TAT CCG GAT CAT ATG AAA CGG CAT GAC TTT TTC AAG
AGT GCC ATG CCC GAA GGT TAT GTA CAG GAA CGC ACT ATA TCT TTC AAA GAT GAC
GGG AAC TAC AAG ACG CGT GCT GAA GTC AAG TTT GAA GGT GAT ACC CTT GTT AAT
CGT ATC GAG TTA AAA GGT ATT GAT TTT AAA GAA GAT GGA AAC ATT CTC GGA CAC
AAA CTC GAG TAC AAC TAT AAC TCA CAC AAT GTA TAC ATC ACG GCA GAC AAA CAA
AAG AAT GGA ATC AAA GCT AAC TTC AAA ATT ATG AGA GGA TCG CAT CAC CAT CAC
CAT CAC GGA TCC GTC GAC CTG CAG CCC CGG GTA CCG GTA GAA AAA ATG AGT AAA
GGA GAA GAA CTT TTC ACT GGA GTT GTC CCA ATT CTT GTT GAA TTA GAT GGT GAT
GTT AAT GGG CAC AAA TTT TCT GTC AGT GGA GAG GGT GAA GGT GAT GCA ACA TAC
GGA AAA CTT ACC CTT AAA TTT ATT TGC ACT ACT GGA AAA CTA CCT GTT CCA TGG
CCA ACA CTT GTC ACT ACT TTC TCT TAT GGT GTT CAA TGC TTT TCC CGT TAT CCG
GAT CAT ATG AAA CGG CAT GAC TTT TTC AAG AGT GCC ATG CCC GAA GGT TAT GTA
CAG GAA CGC ACT ATA TCT TTC AAA GAT GAC GGG AAC TAC AAG ACG CGT GCT GAA
GTC AAG TTT GAA GGT GAT ACC CTT GTT AAT CGT ATC GAG TTA AAA GGT ATT GAT
TTT AAA GAA GAT GGA AAC ATT CTC GGA CAC AAA CTC GAG TAC AAC TAT AAC TCA
CAC AAT GTA TAC ATC ACG GCA GAC AAA CAA AAG AAT GGA ATC AAA GCT AAC TTC
AAA ATT CGC CAC AAC ATT GAA GAT GGA TCC GTT CAA CTA GCA GAC CAT TAT CAA
CAA AAT ACT CCA ATT GGC GAT GGC CCT GTC CTT TTA CCA GAC AAC CAT TAC CTG
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TCG ACA CAA TCT GCC CTT TCG AAA GAT CCC AAC GAA AAG CGT GAC CAC ATG GTC
CTT CTT GAG TTT GTA ACT GCT GCT GGG ATT ACA CAT GGC ATG GAT GAG CTC TAC
AAA CTG CAG CCA AGC TTA ATT AGC TGA

Amino acid sequence

MRGSHHHHHHGSVDLQPRVPVEKMSKGEELFTGVVP I LVELDGDVNGHKFSVSGEGEGDATYGKLTLKFIC
TTGKLPVPWPTLVTTFSYGVQCFSRYPDHMKRHDFFKSAMPEGYVQERT I SFKDDGNYKTRAEVKFEGDTL
VNRIELKGIDFKEDGN I LGHKLEYNYNSHNVY 1 TADKQKNG I KANFKIRHNTEDGSVQLADHYQQNTPIGD
GPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKLQPSLIS

3. GFP3
F64L, S65T, S99F, and T153M mutations in GFPyy

DNA sequence

ATG AGA GGA TCG CAT CAC CAT CAC CAT CAC GGA TCC GTC GAC CTG CAG CCC CGG
GTA CCG GTA GAA AAA ATG AGT AAA GGA GAA GAA CTT TTC ACT GGA GTT GTC CCA
ATT CTT GTT GAA TTA GAT GGT GAT GTT AAT GGG CAC AAA TTT TCT GTC AGT GGA
GAG GGT GAA GGT GAT GCA ACA TAC GGA AAA CTT ACC CTT AAA TTT ATT TGC ACT
ACT GGA AAA CTA CCT GTT CCA TGG CCA ACA CTT GTC ACT ACT CTG ACC TAT GGT
GTT CAA TGC TTC TCC CGT TAT CCG GAT CAT ATG AAA CGG CAT GAC TTT TTC AAG
AGT GCC ATG CCC GAA GGT TAT GTA CAG GAA CGC ACT ATA TTC TTC AAA GAT GAC
GGG AAC TAC AAG ACG CGT GCT GAA GTC AAG TTT GAA GGT GAT ACC CTT GTT AAT
CGT ATC GAG TTA AAA GGT ATT GAT TTT AAA GAA GAT GGA AAC ATT CTC GGA CAC
AAA CTC GAG TAC AAC TAT AAC TCA CAC AAT GTA TAC ATC ATG GCA GAC AAA CAA
AAG AAT GGA ATC AAA GCT AAC TTC AAA ATT CGC CAC AAC ATT GAA GAT GGA TCC
GTT CAA CTA GCA GAC CAT TAT CAA CAA AAT ACT CCA ATT GGC GAT GGC CCT GTC
CTT TTA CCA GAC AAC CAT TAC CTG TCG ACA CAA TCT GCC CTT TCG AAA GAT CCC
AAC GAA AAG CGT GAC CAC ATG GTC CTT CTT GAG TTT GTA ACT GCT GCT GGG ATT
ACA CAT GGC ATG GAT GAG CTC TAC AAA CTG CAG CCA AGC TTA ATT AGC TGA

Amino acid sequence

MRGSHHHHHHGSVDLQPRVPVEKMSKGEELFTGVVP I LVELDGDVNGHKFSVSGEGEGDATYGKLTLKFIC
TTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKRHDFFKSAMPEGYVQERT IFFKDDGNYKTRAEVKFEGDTL
VNRIELKGIDFKEDGN I LGHKLEYNYNSHNVY IMADKQKNG I KANFKIRHNITEDGSVQLADHYQQNTPIGD
GPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKLQPSLIS

4. GFP6
L64F mutation and all Phe codons are changed to UUU in GFP3

DNA sequence

ATG AGA GGA TCG CAT CAC CAT CAC CAT CAC GGA TCC GTC GAC CTG CAG CcC CGG
GTA CCG GTA GAA AAA ATG AGT AAA GGA GAA GAA CTT TTT ACT GGA GTT GTC CCA
ATT CTT GTT GAA TTA GAT GGT GAT GTT AAT GGG CAC AAA TTT TCT GTC AGT GGA
GAG GGT GAA GGT GAT GCA ACA TAC GGA AAA CTT ACC CTT AAA TTT ATT TGC ACT
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ACT GGA AAA CTA CCT GTT CCA TGG CCA ACA CTT GTC ACT ACT TTT ACC TAT GGT
GTT CAA TGC TTT TCC CGT TAT CCG GAT CAT ATG AAA CGG CAT GAC TTT TTT AAG
AGT GCC ATG CCC GAA GGT TAT GTA CAG GAA CGC ACT ATA TTT TTT AAA GAT GAC
GGG AAC TAC AAG ACG CGT GCT GAA GTC AAG TTT GAA GGT GAT ACC CTT GTT AAT
CGT ATC GAG TTA AAA GGT ATT GAT TTT AAA GAA GAT GGA AAC ATT CTC GGA CAC
AAA CTC GAG TAC AAC TAT AAC TCA CAC AAT GTA TAC ATC ATG GCA GAC AAA CAA
AAG AAT GGA ATC AAA GCT AAC TTT AAA ATT CGC CAC AAC ATT GAA GAT GGA TCC
GTT CAA CTA GCA GAC CAT TAT CAA CAA AAT ACT CCA ATT GGC GAT GGC CCT GTC
CTT TTA CCA GAC AAC CAT TAC CTG TCG ACA CAA TCT GCC CTT TCG AAA GAT CCC
AAC GAA AAG CGT GAC CAC ATG GTC CTT CTT GAG TTT GTA ACT GCT GCT GGG ATT
ACA CAT GGC ATG GAT GAG CTC TAC AAA CTG CAG CCA AGC TTA ATT AGC TGA

Amino acid sequence
MRGSHHHHHHGSVDLQPRVPVEKMSKGEELFTGVVP I LVELDGDVNGHKFSVSGEGEGDATYGKLTLKFIC
TTGKLPVPWPTLVTTFTYGVQCFSRYPDHMKRHDFFKSAMPEGYVQERT I FFKDDGNYKTRAEVKFEGDTL
VNRIELKG IDFKEDGN I LGHKLEYNYNSHNVY IMADKQKNG I KANFK I RHN I EDGSVQLADHYQQNTP 1GD
GPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAG I THGMDELYKLQPSLIS

5. GFP_WC
All Phe codons are changed to UUC in GFP3

DNA sequence

ATG AGA GGA TCG CAT CAC CAT CAC CAT CAC GGA TCC GTC GAC CTG CAG CCC CGG
GTA CCG GTA GAA AAA ATG AGT AAA GGA GAA GAA CTT TTC ACT GGA GTT GTC CCA
ATT CTT GTT GAA TTA GAT GGT GAT GTT AAT GGG CAC AAA TTC TCT GTC AGT GGA
GAG GGT GAA GGT GAT GCA ACA TAC GGA AAA CTT ACC CTT AAA TTC ATT TGC ACT
ACT GGA AAA CTA CCT GTT CCA TGG CCA ACA CTT GTC ACT ACT CTG ACC TAT GGT
GTT CAA TGC TTC TCC CGT TAT CCG GAT CAT ATG AAA CGG CAT GAC TTC TTC AAG
AGT GCC ATG CCC GAA GGT TAT GTA CAG GAA CGC ACT ATA TTC TTC AAA GAT GAC
GGG AAC TAC AAG ACG CGT GCT GAA GTC AAG TTC GAA GGT GAT ACC CTT GTT AAT
CGT ATC GAG TTA AAA GGT ATT GAT TTC AAA GAA GAT GGA AAC ATT CTC GGA CAC
AAA CTC GAG TAC AAC TAT AAC TCA CAC AAT GTA TAC ATC ATG GCA GAC AAA CAA
AAG AAT GGA ATC AAA GCT AAC TTC AAA ATT CGC CAC AAC ATT GAA GAT GGA TCC
GTT CAA CTA GCA GAC CAT TAT CAA CAA AAT ACT CCA ATT GGC GAT GGC CCT GTC
CTT TTA CCA GAC AAC CAT TAC CTG TCG ACA CAA TCT GCC CTT TCG AAA GAT CCC
AAC GAA AAG CGT GAC CAC ATG GTC CTT CTT GAG TTC GTA ACT GCT GCT GGG ATT
ACA CAT GGC ATG GAT GAG CTC TAC AAA CTG CAG CCA AGC TTA ATT AGC TGA

Amino acid sequence
MRGSHHHHHHGSVDLQPRVPVEKMSKGEELFTGVVP I LVELDGDVNGHKFSVSGEGEGDATYGKLTLKFIC
TTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKRHDFFKSAMPEGYVQERT I FFKDDGNYKTRAEVKFEGDTL

VNRIELKGIDFKEDGN I LGHKLEYNYNSHNVY IMADKQKNG I KANFKIRHNIEDGSVQLADHYQQNTPIGD
GPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKLQPSLIS

6. GFP6 (2UUU)

AGA (Arg) to UUU (Phe) mutation in position 2 of GFP6



7. GFP6 (2UUC)
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AGA (Arg) to UUU (Phe) mutation in position 2 of GFP6

8. GFP6 (158Am)

AAA (Lys) to UAG (an amber codon) mutation in position 158 of GFP6

9. GFP3C

GFP3 with a C-terminal hexa-histidine tag

DNA sequence

ATG
GAA
GGG
CTT
CTT
ATG
CGC
TTT
GAA
GTA
CGC
ACT
CAA
GAG
CAG

CGA
CTT
CAC
ACC
GTC
AAA
ACT
GAA
GAT
TAC
CAC
CCA
TCT
TTT
CAT

GGA
TTC
AAA
CTT
ACT
CGG
ATA
GGT
GGA
ATC
AAC
ATT
GCC
GTA
CAC

TCC
ACT
TTT
AAA
ACT
CAT
TTC
GAT
AAC
ATG
ATT
GGC
CTT
ACT
CAT

CTG
GGA
TCT
TTT
CTG
GAC
TTC
ACC
ATT
GCA
GAA
GAT
TCG
GCT
CAC

Amino acid sequence

CAG
GTT
GTC
ATT
ACC
TTT
AAA
CTT
CTC
GAC
GAT
GGC
AAA
GCT

CccC
GTC
AGT
TGC
TAT
TTC
GAT
GTT
GGA
AAA
GGA
CCT
GAT
GGG

CGG
CCA
GGA
ACT
GGT
AAG
GAC
AAT
CAC
CAA
TCC
GTC
ccC
ATT

CAT CAC TAA

GTA
ATT
GAG
ACT
GTT
AGT
GGG
CGT

AAG
GTT
CTT
AAC
ACA

CCG
CTT
GGT
GGA
CAA
GCC
AAC
ATC
CTC
AAT
CAA
TTA
GAA
CAT

GTA
GTT
GAA
AAA
TGC
ATG
TAC
GAG
GAG
GGA
CTA
CCA
AAG
GGC

GAA
GAA
GGT
CTA
TTC
cccC
AAG
TTA
TAC
ATC
GCA
GAC
CGT
ATG

TTA
GAT
CCT
TCC
GAA
ACG

AAC

GAC
AAC
GAC
GAT

ATG
GAT
GCA
GTT
CGT
GGT
CGT
GGT
TAT
GCT
CAT
CAT
CAC
GAG

AGT
GGT
ACA
CCA
TAT
TAT
GCT
ATT
AAC
AAC
TAT
TAC
ATG
CTC

GAT
TAC
TGG
CCG
GTA
GAA
GAT
TCA
TTC
CAA
CTG
GTC
TAC

GGA
GTT
GGA
CCA
GAT
CAG
GTC
TTT
CAC
AAA
CAA
TCG
CTT
AAA

GAA
AAT

ACA
CAT
GAA
AAG

AAT
ATT
AAT
ACA
CTT
CTG

MRGSLQPRVPVEKMSKGEELFTGVVP ILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWP
TLVTTLTYGVQCFSRYPDHMKRHDFFKSAMPEGYVQERT I FFKDDGNYKTRAEVKFEGDTLVNRIELKGID
FKEDGNILGHKLEYNYNSHNVY IMADKQKNG I KANFKTRHNIEDGSVQLADHYQQNTP IGDGPVLLPDNHY
LSTQSALSKDPNEKRDHMVLLEFVTAAG I THGMDELYKLQHHHHHH

10. GFP3C (158UUG)

AAA (Lys) to UUG (Leu) mutation in position 158 of GFP3C

11. mDHFR (Qiagen)

C-terminal hexa-histidine tag
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DNA sequence

ATG AGA GGA TCC GGC ATC ATG GTT CGA CCA TTG AAC TCG ATC GTC GCC GTG TCC
CAA AAT ATG GGG ATT GGC AAG AAC GGA GAC CTA CCC TGG CCT CCG CTC AGG AAC
GAG TTC AAG TAC TTC CAA AGA ATG ACC ACA ACC TCT TCA GTG GAA GGT AAA CAG
AAT CTG GTG ATT ATG GGT AGG AAA ACC TGG TTC TCC ATT CCT GAG AAG AAT CGA
CCT TTA AAG GAC AGA ATT AAT ATA GTT CTC AGT AGA GAA CTC AAA GAA CCA CCA
CGA GGA GCT CAT TTT CTT GCC AAA AGT TTG GAT GAT GCC TTA AGA CTT ATT GAA
CAA CCG GAA TTG GCA AGT AAA GTA GAC ATG GTT TGG ATA GTC GGA GGC AGT TCT
GTT TAC CAG GAA GCC ATG AAT CAA CCA GGC CAC CTT AGA CTC TTT GTG ACA AGG
ATC ATG CAG GAA TTT GAA AGT GAC ACG TTT TTC CCA GAA ATT GAT TTG GGG AAA
TAT AAA CTT CTC CCA GAA TAC CCA GGC GTC CTC TCT GAG GTC CAG GAG GAA AAA
GGC ATC

Amino acid sequence

MRGSG IMVRPLNS IVAVSQNMG I GKNGDLPWPPLRNEFKYFQRMTTTSSVEGKQNLV IMGRKTWFS I1PEKN
RPLKDRINIVLSRELKEPPRGAHFLAKSLDDALRL IEQPELASKVDMVWIVGGSSVYQEAMNQPGHLRLFV
TRIMQEFESDTFFPEIDLGKYKLLPEYPGVLSEVQEEKGI

12. mDHFR2

UUC (Phe) in position 38 and UUU (Phe) in position 95 to UUG (Leu) mutations in
mDHFR

DNA sequence

ATG AGA GGA TCC GGC ATC ATG GTT CGA CCA TTG AAC TCG ATC GTC GCC GTG TCC
CAA AAT ATG GGG ATT GGC AAG AAC GGA GAC CTA CCC TGG CCT CCG CTC AGG AAC
GAG TTG AAG TAC TTC CAA AGA ATG ACC ACA ACC TCT TCA GTG GAA GGT AAA CAG
AAT CTG GTG ATT ATG GGT AGG AAA ACC TGG TTC TCC ATT CCT GAG AAG AAT CGA
CCT TTA AAG GAC AGA ATT AAT ATA GTT CTC AGT AGA GAA CTC AAA GAA CCA CCA
CGA GGA GCT CAT TTG CTT GCC AAA AGT TTG GAT GAT GCC TTA AGA CTT ATT GAA
CAA CCG GAA TTG GCA AGT AAA GTA GAC ATG GTT TGG ATA GTC GGA GGC AGT TCT
GTT TAC CAG GAA GCC ATG AAT CAA CCA GGC CAC CTC AGA CTC TTT GTG ACA AGG
ATC ATG CAG GAA TTT GAA AGT GAC ACG TTT TTC CCA GAA ATT GAT TTG GGG AAA
TAT AAA CTT CTC CCA GAA TAC CCA GGC GTC CTC TCT GAG GTC CAG GAG GAA AAA
GGC ATC AAG TAT AAG TTT GAA GTC TAC GAG AAG AAA GGT TCC AGA TCT CAT CAC
CAT CAC CAT CAC

Amino acid sequence

MRGSGIMVRPLNS IVAVSQNMG I GKNGDLPWPPLRNELKYFQRMTTTSSVEGKQNLV IMGRKTWFS IPEKN
RPLKDRINIVLSRELKEPPRGAHLLAKSLDDALRL IEQPELASKVDMVWIVGGSSVYQEAMNQPGHLRLFV
TRIMQEFESDTFFPEIDLGKYKLLPEYPGVLSEVQEEKG IKYKFEVYEKKGSRSHHHHHH

13. MDHFR2 (100UUA)

UUG to UUA mutation in position 100 of mDHFR2
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Appendix C

Names and Sequences of PCR Primers
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Primer name Primer sequence
GFP1 5’- ACCTGCAG CCC CGG GTACCG GTAGAA-3
GFP2 5- ACCTGCAG TTT GTA GAG CTC ATC CAT - 3’
5- CTT GTC ACT ACT CTG ACC TAT GGT GTT CAA
F64LS6ST_T TGC TTC TCC CGT - 3
F6ALSE5T 5’- ACG GGA GAA GCA TTG AAC ACC ATA GGT CAG
- AGT AGT GAC AAG - 3’
SOOF f 5’- GTA CAG GAA CGC ACT ATA TTC TTC AAA GAT
- GAC GGG AAC-3
SOOF T 5- GTT CCC GTC ATC TTT GAA GAA TAT AGT GCG
- TTCCTGTAC-3
T153M f 5- CAC AAT GTA TAC ATC ATG GCA GAC AAA CAA
- AAG AAT GGA -3’
T153M r 5-TCC ATT CTT TTG TTT GTC TGC CAT GAT GTA
- TACATTGTG -3’
Primer 1 5- GTG CCA CCT GAC GTC TAA GAA ACC ATT ATT
ATC ATGACATTAACC-3
Primer 2 5 - GAG TAA AGG AGA AGA ACT TTT TAC TGG AGT
TGT CCCAATTC-3
Primer 3 5- GAA TTG GGA CAA CTC CAG TAA AAAGTT CTT
CTCCTTTACTC-3
Primer 4 5’- GGC CAA CAC TTG TCA CTA CTT TTA CCT ATG
GTGTTCAATGCTT-3
Primer 5 5’- AAG CAT TGA ACA CCA TAG GTA AAA GTA GTG
ACA AGT GTTGGCC -3’
Primer 6 5’- CAT ATG AAA CGG CAT GAC TTT TTT AAG AGT
GCCATGCCCGAAG-&
Primer 7 5- CTT CGG GCA TGG CAC TCT TAA AAA AGT CAT
GCCGTTTCATATG-3
Primer 8 5- GTT ATG TAC AGG AAC GCA CTA TAT TTT TCA
AAG ATG ACG GGA ACT ACAA-3
Primer 9 5-TTG TAG TTC CCG TCA TCT TTG AAA AAT ATA
GTG CGTTCCTGT ACATAAC-3
Primer 10 5’- ACA AAA GAA TGG AAT CAA AGC TAACTT TAA
AAT TCG CCACAACATTGAAGATG -3
Primer 11 5’- CAT CTT CAA TGT TGT GGC GAA TTT TAA AGT
TAGCTTTGATTCCATTCTTTT GT - 3
Primer 12 5’- CGC CAA GCT AGC TTG GAT TCT CAC CAA TAA
AAA ACG CCC -3
Primer 13 5- TAC CTA TGG TGT TCA ATG CTT TTC CCG TTA
TCCGGATCATATG-3
Primer 14 5’- CAT ATG ATC CGG ATA ACG GGA AAA GCATTG

AAC ACCATAGGTA-3
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5’- GTT ATG TAC AGG AAC GCA CTA TAT TTT TTA

UL AAG ATG ACG GGA ACT ACA AG - 3’
I 5- CTT GTA GTT CCC GTC ATC TTT AAA AAA TAT
AGT GCG TTC CTG TAC ATA AC - 3’
— 5- GT GAT GTT AAT GGG CAC AAA TTC TCT GTC
AGT GGA GAG GGT- 3’
N 5- ACC CTC TCC ACT GAC AGA GAA TTT GTG CCC
ATT AAC ATC AC- 3’
- 5'- CA TAC GGA AAA CTT ACC CTT AAA TTC ATT
TGC ACT ACT GGA AAA CTA CC- 3
I 5- GGT AGT TTT CCA GTA GTG CAA ATG AAT TTA
AGG GTA AGT TTT CCG TAT G- 3’
N 5°- AT CAT ATG AAA CGG CAT GAC TTC TTC AAG
AGT GCC ATG CCC- 3’
orimor 9 5- GGG CAT GGC ACT CTT GAA GAA GTC ATG CCG
TTT CAT ATG AT- 3’
o 93 5- CG CGT GCT GAA GTC AAG TTC GAA GGT GAT
ACC CTT GT- 3’
N 5- AC AAG GGT ATC ACC TTC GAA CTT GAC TTC
AGC ACG CG- 3’
N 5- CGT ATC GAG TTA AAA GGT ATT GAT TTC AAA
GAA GAT GGA AAC ATT CTC GGA- 3’
N 5- TCC GAG AAT GTT TCC ATC TTC TTT GAA ATC
AAT ACC TTT TAA CTC GAT ACG - 3°
ol AIL T 5°- CAT ATT CTT AAG TCA TGC GCA CCC GTG GCC
AT AGG ACC C - 3’
ol Sacll + 5°- CAA CTC CCG CGG TTA CGT GCA GAT GAT AAG
—sacll_ CTG TCA AAC - 3
OE AL 5-CAA GTA CTT AAG CGG TGT GAA ATA CCG CAC
AL AGA TGC GTA AGG -3’
2OE Sacil 1 5"~ GAT CAT CCG CGG TTT TCC CAG TCA CGA CGT
—sacll_ TGT AAA ACG - 3’
J 5 - GTC GAA ATC GGT AAC NNK GGT ATG TTC AGA
- CCA GAAATG CTC G -3’
. 5" - CGA GCA TTT CTG GTC TGA ACA TAC CMN NGT

TACCGATITCGAC-3

412_415 418 f

5’ - C AAG CCT ACC TAC NNK CCT TAC NNK GAG
CCANNKATG GAAATCTITT-3

412 415 418 ¢

5’- A AAA GAT TTC CAT MNN TGG CTC MNN GTA
AGGMNNGTAGGTAGGCTTG-3

5" - C ATT AAA GAG GAG AAA TTA ACT ATG TTT

2F_UUUT GGATCGCATCAC-3

oF UUU r 5" - GTG ATG CGA TCC AAA CAT AGT TAATTT CTC
- - CICTTTAATG-3

oF UUC f 5" - C ATT AAA GAG GAG AAA TTA ACT ATG TTC

GGATCGCATCAC-3
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5’ - GTG ATG CGA TCC GAA CAT AGT TAATTT CTC

2F_UUC_r CTCTTTAAT G - 3’

2 lacP GCA CCC CAG TCT TTA CAC TAT GCC TAC CGT CTC
—acr_ CGT GAA C

2 lacP T GTT CAC GGA GAC GGT AGG CAT AGT GTA AAG

ACT GGG GTG C

Ins_SD_A Del_lacO_f

CGT ATA ATG GAT CC C GAT TTT CAC ATA AGG
AGC AGA CC ATG

Ins_SD_A Del lacO _r

CAT GGT CTG CTC CTT ATG TGA AAA TCG GGA TCC
ATT ATA CG

5" - CAC AGG ACC TCC AGATTT TCA GTC TGG CGC

YIRNA-GAA_f Y ot et

5 - GGA GAG CGC CAG ACT GAA AAT CTG GAG GTC
YIRNA-GAA r el

5" - CAC AGG ACC TCC AGA TTT TGA GTC TGG CGC
VIRNA-CAA _f Y ot et

5' - GGA GAG CGC CAG ACT CAA AAT CTG GAG GTC
YIRNA-CAA_r e Te
{100 UUA 1 5 CTT GCC AAA AGT TTA GAT GAT GCC TTA AGA

— — C - 3,

5"~ GTC TTA AGG CAT CAT CTA AAC TTT TGG CAA
L100_UUA r >y
ostl 70 1 5"~ GCA TGC GAG GAT CCC TGC AGC ATC ACC ATC

10 ACC - 3’
ol 70 1 5~ GGT GAT GGT GAT GCT GCA GGG ATC CTC GCA
10 TGC - 3’

5 - ATG GCA GAC AAA CAA TTG AAC GGA ATC AAA
K158_UUG_f GCT AAC TTC -3’

5 - GAA GTT AGC TTT GAT TCC GTT CAA TTG TTT
K158_UUG_r GTC TGC CAT - 3’

5 - CAT CAT GGC AGA CAA ACA ATA GAA TGG AAT
K158_UAG_f CAA AGC TAAC - 3
158 UAG T 5 - GTT AGC TTT GAT TCC ATT CTA TTG TTT GTC

TGC CAT GAT G-3




