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Appendix 4 GusB-XylE pairwise protein sequence alignment
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Appendix 5 Constituents and Methods for routinely used Solutions

1M Tris-HCl (pH 8.0)
121.14g of Tris base was dissolved in 800 ml of dH20. The pH was adjusted to 8.0 by

adding a total of 52 ml of concentrated HCl. The solution was supplemented with dH20 to

yield a total volume of 1 litre, and sterilised by autoclaving.

0.5M EDTA.Na2 (pH 8.0)
93.06g of EDTA.Na2 was dissolved in 400 ml of dH20. 11.7g of NaOH pellets were added to

adjust the pH to 8.0. The solution was supplemented with dH20 to yield a total volume of

500 ml, and sterilised by autoclaving.

10X Tris-EDTA.Na2 buffer (T10E1)
10 ml of 1M Tris-HCl (pH 8.0), 2 ml of 0.5M EDTA.Na2 (pH 8.0), and 988 ml of dH20 were

combined. The 1 litre solution was sterilised by autoclaving.

50X TAE buffer (stock solution)
100 ml of 0.5M EDTA.Na2 (pH 8.0), 57.1 ml of glacial acetic acid, and 242g of Tris base

were combined. The solution was supplemented with dH20 to yield a total volume of 1 litre,

and sterilised by autoclaving.

1kb DNA ladder
300 μl of T10E1, 100 μl of 5X green GoTaq® flexi buffer, and 100 μl of the defrosted DNA

ladder were combined in a sterile eppendorf. The solution was vortexed to mix the

constituents.

Sepharose beads
The bottled mixture was gently swirled until it was homogenous. Approximately 20 ml was

poured into a sterile falcon tube. The falcon tube was centrifuged at 3000 rpm for 10

minutes within a refrigerated centrifuge. The supernatant was removed through pipetting

and replaced with the same volume of fresh T10E1. This process was repeated three times

to wash the sepharose beads and ensure that they were hydrated.
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Appendix 6 Restriction mapping and fragment size predictions
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Appendix 7 Primer Design within this project

Primer design for XylE-GusB chimeras

XyleE (1st half) GusB (2nd half) (chosen helice to cut: ¼ GusB helice)

1. Before IC2 and IC3
231:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRG
NVVRIVAQPSLNISLQTLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLV
QNLVGTVASAPLVPGMVARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVT
MTVMWALEADTVEYGEYLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEV
IMGIRTSIALVPCGFMLLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcaatgtggtacgtatcgttgcgcagccg
tcattgaatatcagtctgcaaaccctgaaacggaatcgcccgctgtttatgttgtgcatc
ggtgcgctgtgtgtgctgatttcgacctttgcggtcagcgcctcgtcgttgttctacgtg
cgctatgtgttaaatgataccgggctgttcactgtgctggtactggtgcaaaacctggtt
ggtactgtggcatcggcaccgctggtgccggggatggtcgcgaggatcggtaaaaagaat
accttcctgattggcgctttgctgggaacctgcggttatctgctgttcttctgggtttcc
gtctggtcactgccggtggcgttggttgcgttggccatcgcttcaattggtcagggcgtt
accatgaccgtgatgtgggcgctggaagctgataccgtagaatacggtgaatacctgacc
ggcgtgcgaattgaagggctcacctattcactattctcatttacccgtaaatgcggtcag
gcaatcggaggttcaattcctgcctttattttggggttaagcggatatatcgccaatcag
gtgcaaacgccggaagttattatgggcatccgcacatcaattgccttagtaccttgcgga
tttatgctactggcattcgttattatctggttttatccgctcacggataaaaaattcaaa
gaaatcgtggttgaaattgataatcgtaaaaaagtgcagcagcaattaatcagcgatatc
actaattaa

XyleE (1st half) GusB (2nd half) (chosen helice to cut: ¾ of the helice of GusB)
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2. After IC2 and IC3
266:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRGKQEQAEGILRKIMGNTLATQAVQEI
KHSLDHGRKT
TLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLVQNLVGTVASAPLVPGM
VARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVTMTVMWALEADTVEYGE
YLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEVIMGIRTSIALVPCGFM
LLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcaagcaagaacaggcggaaggtatcctg
cgcaaaattatgggcaacacgcttgcaactcaggcagtacaggaaattaaacactccctg
gatcatggccgcaaaaccaccctgaaacggaatcgcccgctgtttatgttgtgcatcggt
gcgctgtgtgtgctgatttcgacctttgcggtcagcgcctcgtcgttgttctacgtgcgc
tatgtgttaaatgataccgggctgttcactgtgctggtactggtgcaaaacctggttggt
actgtggcatcggcaccgctggtgccggggatggtcgcgaggatcggtaaaaagaatacc
ttcctgattggcgctttgctgggaacctgcggttatctgctgttcttctgggtttccgtc
tggtcactgccggtggcgttggttgcgttggccatcgcttcaattggtcagggcgttacc
atgaccgtgatgtgggcgctggaagctgataccgtagaatacggtgaatacctgaccggc
gtgcgaattgaagggctcacctattcactattctcatttacccgtaaatgcggtcaggca
atcggaggttcaattcctgcctttattttggggttaagcggatatatcgccaatcaggtg
caaacgccggaagttattatgggcatccgcacatcaattgccttagtaccttgcggattt
atgctactggcattcgttattatctggttttatccgctcacggataaaaaattcaaagaa
atcgtggttgaaattgataatcgtaaaaaagtgcagcagcaattaatcagcgatatcact
aattaa

XyleE (1st half) GusB (2nd half) (chosen helice to cut: To the left of the bundle in
GusB)

3. Half way through IC2 before IC3
240:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRGKQEQAEGIL
VAQPSLNISLQTLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLVQNLVG
TVASAPLVPGMVARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVTMTVMW
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ALEADTVEYGEYLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEVIMGIR
TSIALVPCGFMLLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcaagcaagaacaggcggaaggtatcctg
gttgcgcagccgtcattgaatatcagtctgcaaaccctgaaacggaatcgcccgctgttt
atgttgtgcatcggtgcgctgtgtgtgctgatttcgacctttgcggtcagcgcctcgtcg
ttgttctacgtgcgctatgtgttaaatgataccgggctgttcactgtgctggtactggtg
caaaacctggttggtactgtggcatcggcaccgctggtgccggggatggtcgcgaggatc
ggtaaaaagaataccttcctgattggcgctttgctgggaacctgcggttatctgctgttc
ttctgggtttccgtctggtcactgccggtggcgttggttgcgttggccatcgcttcaatt
ggtcagggcgttaccatgaccgtgatgtgggcgctggaagctgataccgtagaatacggt
gaatacctgaccggcgtgcgaattgaagggctcacctattcactattctcatttacccgt
aaatgcggtcaggcaatcggaggttcaattcctgcctttattttggggttaagcggatat
atcgccaatcaggtgcaaacgccggaagttattatgggcatccgcacatcaattgcctta
gtaccttgcggatttatgctactggcattcgttattatctggttttatccgctcacggat
aaaaaattcaaagaaatcgtggttgaaattgataatcgtaaaaaagtgcagcagcaatta
atcagcgatatcactaattaa

XyleE (1st half) GusB (2nd half) (chosen helice to cut: To the right of the bundle in
GusB)

4. After IC2 half way through IC3
247:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRGKQEQAEGILRKIMGNT
ISLQTLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLVQNLVGTVASAPL
VPGMVARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVTMTVMWALEADTV
EYGEYLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEVIMGIRTSIALVP
CGFMLLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
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ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcaagcaagaacaggcggaaggtatcctg
cgcaaaattatgggcaacacgatcagtctgcaaaccctgaaacggaatcgcccgctgttt
atgttgtgcatcggtgcgctgtgtgtgctgatttcgacctttgcggtcagcgcctcgtcg
ttgttctacgtgcgctatgtgttaaatgataccgggctgttcactgtgctggtactggtg
caaaacctggttggtactgtggcatcggcaccgctggtgccggggatggtcgcgaggatc
ggtaaaaagaataccttcctgattggcgctttgctgggaacctgcggttatctgctgttc
ttctgggtttccgtctggtcactgccggtggcgttggttgcgttggccatcgcttcaatt
ggtcagggcgttaccatgaccgtgatgtgggcgctggaagctgataccgtagaatacggt
gaatacctgaccggcgtgcgaattgaagggctcacctattcactattctcatttacccgt
aaatgcggtcaggcaatcggaggttcaattcctgcctttattttggggttaagcggatat
atcgccaatcaggtgcaaacgccggaagttattatgggcatccgcacatcaattgcctta
gtaccttgcggatttatgctactggcattcgttattatctggttttatccgctcacggat
aaaaaattcaaagaaatcgtggttgaaattgataatcgtaaaaaagtgcagcagcaatta
atcagcgatatcactaattaa

XyleE (1st half) GusB (2nd half) (GusB chosen helice to cut: exactly halfway
through)

5. Just after IC2. Between IC2 and IC3
244:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRGKQEQAEGILRKIM
SLNISLQTLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLVQNLVGTVAS
APLVPGMVARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVTMTVMWALEA
DTVEYGEYLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEVIMGIRTSIA
LVPCGFMLLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

Atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcaagcaagaacaggcggaaggtatcctg
cgcaaaattatgtcattgaatatcagtctgcaaaccctgaaacggaatcgcccgctgttt
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atgttgtgcatcggtgcgctgtgtgtgctgatttcgacctttgcggtcagcgcctcgtcg
ttgttctacgtgcgctatgtgttaaatgataccgggctgttcactgtgctggtactggtg
caaaacctggttggtactgtggcatcggcaccgctggtgccggggatggtcgcgaggatc
ggtaaaaagaataccttcctgattggcgctttgctgggaacctgcggttatctgctgttc
ttctgggtttccgtctggtcactgccggtggcgttggttgcgttggccatcgcttcaatt
ggtcagggcgttaccatgaccgtgatgtgggcgctggaagctgataccgtagaatacggt
gaatacctgaccggcgtgcgaattgaagggctcacctattcactattctcatttacccgt
aaatgcggtcaggcaatcggaggttcaattcctgcctttattttggggttaagcggatat
atcgccaatcaggtgcaaacgccggaagttattatgggcatccgcacatcaattgcctta
gtaccttgcggatttatgctactggcattcgttattatctggttttatccgctcacggat
aaaaaattcaaagaaatcgtggttgaaattgataatcgtaaaaaagtgcagcagcaatta
atcagcgatatcactaattaa
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Appendix 8 Factors Considered for Primer Design

Primer length
To promote primer annealing and PCR amplification, primers were designed to be
between 18-30 bases. Primers shorter than this range can lead to nonspecific PCR
product amplification.

Primer sequence
To avoid nonspecific primer annealing, poly-guanine and poly-cytosine nucleotide bases at
the 3’-end of the primer were avoided. The 3’-end of the primer pairs was also assessed for
complementarity to avoid the formation of primer-dimers. The primer sequences were
assessed to avoid the production of internal secondary structures such as hairpin loops
(also known as stem-loops).

Melting temperature
To ensure PCR specificity and successful primer annealing, the melting temperature (Tm) of
the primers was considered. The Tm of a primer is the temperature in which half of the
primer has annealed to the template DNA. Therefore, the Tm's of both primers within a pair
were designed to be similar (within 5°C). The following formula was used to estimate the
Tm and annealing temperature (Ta) for all primers:
Tm = 81.5 + 41 x GC% - 675/mers Ta
= Tm – 5°C

GC content
To ensure similar primer Tm's and discourage the formation of internal secondary
structures, the GC content of primers was kept between 40% and 60%, where possible.
Due to the high GC content of the xylE sequence, a GC content above 60% was sometimes
required within primer design.

Fusion considerations
To increase the probability of successful fusion between multiple genes, several factors
were considered for primer design:

1. For the XylE-GFP-GusB fusion, the stop codon of gfp (TAA) was replaced with TTA.
The amino acid leucine was chosen to replace the stop codon for its codon
similarity, side-chain hydropathy and charge, size, and codon usage within E. coli
(http://www.kazusa.or.jp/codon/). This did not have to be considered when
designing primers for the fusion of the two domains of XylE and GusB.

2. All fusion primers were designed to incorporate a shared nucleotide bridge
between the binding regions of each gene, to promote fusion. The bridge
consisted of 12 nucleotides, and comprised the sequence
5’-GGAGGATCCGCA-3’. This sequence encodes the amino acid residues glycine,
glycine, serine and alanine, respectively. Glycine and alanine were selected for their
side-chain hydropathy and charge, size, and codon usage within E. coli
(http://www.kazusa.or.jp/codon/). The central hexanucleotide sequence
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(5’-GGATCC-3’) was incorporated as it is recognised by the restriction
endonuclease BamHI. This recognition sequence was included to enable the
recombinant DNA products to be manipulated after transformation, in order to
characterise the clones.

3. To ensure that the fusion products encoded one contiguous open reading frame
(ORF), the DNA sequences were assessed using the online Expasy Translate tool
(https://web.expasy.org/translate/).

Cloning considerations
1. For successful incorporation of the fusion fragment into the cloning vector,

endonuclease restriction sites were added to the 5’-ends of the flanking primers. The
restriction site for EcoRI was added to the 5’-end of the forward flanking primer. The
restriction site for HindIII was added to the 5’-end of the reverse flanking primer. The
cloning vector pTTQ18 possesses a multiple cloning site which features both of
these restriction sites, only once. DNA cleavage with both
EcoRI and HindIII generates sticky ends. Usage of the same restriction enzymes
within the fusion fragment creates compatible sticky ends, permitting ligation.

2. To permit efficient endonuclease digestion at the recognition site, five random
nucleotides were added to the 5’-end of the flanking primer molecules. These
nucleotides ensure a large enough platform for the restriction endonucleases to bind,
allowing for accurate cleavage of the adjacent recognition site. The sequence of
nucleotides added was assessed to ensure that it was not palindromic, and that the
5’-ends of the primers could not form primer-dimers.

3. Internal restriction site analyses of the DNA sequence of each fusion fragment was
performed using NEBcutter. The fusion fragments did not contain restriction sites for
EcoRI, HindIII or BamHI.
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Appendix 9 Primer Designs for Future Experiments

Primer design and primers for XylE-GFP-GusB chimeras

XylE forward flanking primer with EcoR1

Name Primer Annealing temp

XyleF
1

5’-ATACTGAATTCGAATGGTCTAAGGCAGGTC
TGA- 3’

66.3 (22 nt
(11GC))

XyleE-GFP reverse fusion primer

Name sequence Reverse complement
primer

Annealing
temp

X y l E -
GFPR1

5’-atgtcgcgcgg
c-3’
5’-atgtctaaagg
t-3’

5’-ACCTTTAGACATTGCGGAT
CCGCCGCCGCGCGACAT-3’

75.6 (24
nt
(13GC))

X y l E -
GFPR2

5’-ggccgcaaaac
c-3’
5’-atgtctaaagg
t-3’

5’-ACCTTTAGACATTGCGGAT
CCGCCGGTTTTGCGGCC-3’

73.9 (24
nt
(12GC))

X y l E -
GFPR3

5’-gaaggtatcct
g-3’
5’-atgtctaaagg
t-3’

5’-ACCTTTAGACATTGCGGAT
CCGCCCAGGATACCTTC-3’

70.5 (24
nt
(10GC))

X y l E -
GFPR4

5’-atgggcaacac
g-3’
5’-atgtctaaagg
t-3’

5’-ACCTTTAGACATTGCGGAT
CCGCCCGTGTTGCCCAT-3’

72.2 (24
nt
(11GC))

X y l E -
GFPR5

5’-cgcaaaattat
g-3’
5’-atgtctaaagg
tg-3’

5’-CACCTTTAGACATTGCGGA
TCCGCCCATAATTTTGCG-3’

69.3
(25 nt
(9GC))
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XylE-GFP forward fusion primers

Name Primer Annealing temp

XylE-GFPF1 5’-atgtcgcgcggcGGCGGATCCG
CAatgtctaaaggt-3’

75.6
(24 nt (13GC))

XylE-GFPF2 5’-ggccgcaaaaccGGCGGATCCG
CAatgtctaaaggt-3’

73.9
(24 nt (12GC))

XylE-GFPF3 5’-gaaggtatcctgGGCGGATCCG
CAatgtctaaaggt-3’

70.5
(24 nt (10GC))

XylE-GFPF4 5’-atgggcaacacgGGCGGATCCG
CAatgtctaaaggt-3’

72.2
(24 nt (11GC))

XylE-GFPF5 5’-gcgcaaaattatgGGCGGATCC
GCAatgtctaaaggt-3’

69.3
(25 nt (9GC))

GusB-GFP reverse fusion primers

Name sequence Reverse complement
primer

Annealing
temp

GusB-GF
PR1

5’-ttgtacaaatTa-
3’
5’-aatgtggtacgta
tc-3’

5’-GATACGTACCACATT
TGCGGATCCGCCTAATTT
GTACAA-3’

68.6
(27 nt
(8GC))

GusB-GF
PR2

5’-ttgtacaaatTa-
3’
5’-accctgaaacgga
-3’

5’-TCCGTTTCAGGGTTG
CGGATCCGCCTAATTTGT
ACAA-3’

69.3
(25 nt
(9GC))

GusB-GF
PR3

5’-ttgtacaaatTa-
3’
5’-gttgcgcagccg-
3’

5’-CGGCTGCGCAACTGC
GGATCCGCCTAATTTGTA
CAA-3’

72.2 (24
nt
(11GC))

GusB-GF
PR4

5’-gaattgtacaaat
Ta-3’
5’-atcagtctgcaaa
c-3’

5’-GTTTGCAGACTGATT
GCGGATCCGCCTAATTTG
TACAATTC-3’

70.9
(29 nt
(9GC))
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GusB-GF
PR5

5’-gaattgtacaaat
Ta-3’
5’-tcattgaatatca
gtc-3’

5’-GACTGATATTCAATG
ATGCGGATCCGCCTAATT
TGTACAATTC-3’

70.3
(31 nt
(8GC))

GusB-GFP forward fusion primer

Name Primer Annealing
temp

GusB-GFPF1 5’-ttgtacaaatTaGGCGGATCCGCAaatg
tggtacgtatc-3’

68.6
(27 nt
(8GC))

GusB-GFPF2 5’-ttgtacaaatTaGGCGGATCCGCAaccc
tgaaacgga-3’

69.3
(25 nt
(9GC))

GusB-GFPF3 5’-ttgtacaaatTaGGCGGATCCGCAgttg
cgcagccg-3’

72.2 (24
nt
(11GC))

GusB-GFPF4 5’-gaattgtacaaatTaGGCGGATCCGCAat
cagtctgcaaac-3’

70.9
(29 nt
(9GC))

GusB-GFPF5 5’-gaattgtacaaatTaGGCGGATCCGCAt
cattgaatatcagtc-3’

70.3
(31 nt
(8GC))

GusB reverse flanking primer with HindIII

Name sequence Reverse complement primer Annealing
temp

GusBR
1

5’-GCAATTAA
TCAGCGATATC
ACTAATTAA-3
’

5’-ATACTAAGCTTTTAATTAGTGAT
ATCGCTGATTAATTGC-3’

69.1
(28 nt
(8GC))

XyleE (1st half) GusB (2nd half) (chosen helice to cut: ¼ GusB helice)

1. Before IC2 and IC3
231:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
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PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRG
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKL
NVVRIVAQPSLNISLQTLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLV
QNLVGTVASAPLVPGMVARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVT
MTVMWALEADTVEYGEYLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEV
IMGIRTSIALVPCGFMLLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcatgtctaaaggtgaagaattattcactgg
tgttgtcccaattttggttgaattagatggtgatgttaatggtcacaaattttctgtctccggtg
aaggtgaaggtgatgctacttacggtaaattgaccttaaaatttatttgtactactggtaaattg
ccagttccatggccaaccttagtcactactttcggttatggtgttcaatgttttgctagataccc
agatcatatgaaacaacatgactttttcaagtctgccatgccagaaggttatgttcaagaaagaa
ctatttttttcaaagatgacggtaactacaagaccagagctgaagtcaagtttgaaggtgatacc
ttagttaatagaatcgaattaaaaggtattgattttaaagaagatggtaacattttaggtcacaa
attggaatacaactataactctcacaatgtttacatcatggctgacaaacaaaagaatggtatca
aagttaacttcaaaattagacacaacattgaagatggttctgttcaattagctgaccattatcaa
caaaatactccaattggtgatggtccagtcttgttaccagacaaccattacttatccactcaatc
tgccttatccaaagatccaaacgaaaagagagaccacatggtcttgttagaatttgttactgctg
ctggtattacccatggtatggatgaattgtacaaatTaaatgtggtacgtatcgttgcgcagc
cgtcattgaatatcagtctgcaaaccctgaaacggaatcgcccgctgtttatgttgtgca
tcggtgcgctgtgtgtgctgatttcgacctttgcggtcagcgcctcgtcgttgttctacg
tgcgctatgtgttaaatgataccgggctgttcactgtgctggtactggtgcaaaacctgg
ttggtactgtggcatcggcaccgctggtgccggggatggtcgcgaggatcggtaaaaaga
ataccttcctgattggcgctttgctgggaacctgcggttatctgctgttcttctgggttt
ccgtctggtcactgccggtggcgttggttgcgttggccatcgcttcaattggtcagggcg
ttaccatgaccgtgatgtgggcgctggaagctgataccgtagaatacggtgaatacctga
ccggcgtgcgaattgaagggctcacctattcactattctcatttacccgtaaatgcggtc
aggcaatcggaggttcaattcctgcctttattttggggttaagcggatatatcgccaatc
aggtgcaaacgccggaagttattatgggcatccgcacatcaattgccttagtaccttgcg
gatttatgctactggcattcgttattatctggttttatccgctcacggataaaaaattca
aagaaatcgtggttgaaattgataatcgtaaaaaagtgcagcagcaattaatcagcgata
tcactaattaa
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721

XyleE (1st half) GusB (2nd half) (chosen helice to cut: ¾ of the helice of GusB)

2. After IC2 and IC3
266:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRGKQEQAEGILRKIMGNTLATQAVQEI
KHSLDHGRKT
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKL
TLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLVQNLVGTVASAPLVPGM
VARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVTMTVMWALEADTVEYGE
YLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEVIMGIRTSIALVPCGFM
LLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcaagcaagaacaggcggaaggtatcctg
cgcaaaattatgggcaacacgcttgcaactcaggcagtacaggaaattaaacactccctg
gatcatggccgcaaaaccatgtctaaaggtgaagaattattcactggtgttgtcccaattttg
gttgaattagatggtgatgttaatggtcacaaattttctgtctccggtgaaggtgaaggtgatgc
tacttacggtaaattgaccttaaaatttatttgtactactggtaaattgccagttccatggccaa
ccttagtcactactttcggttatggtgttcaatgttttgctagatacccagatcatatgaaacaa
catgactttttcaagtctgccatgccagaaggttatgttcaagaaagaactatttttttcaaaga
tgacggtaactacaagaccagagctgaagtcaagtttgaaggtgataccttagttaatagaatcg
aattaaaaggtattgattttaaagaagatggtaacattttaggtcacaaattggaatacaactat
aactctcacaatgtttacatcatggctgacaaacaaaagaatggtatcaaagttaacttcaaaat
tagacacaacattgaagatggttctgttcaattagctgaccattatcaacaaaatactccaattg
gtgatggtccagtcttgttaccagacaaccattacttatccactcaatctgccttatccaaagat
ccaaacgaaaagagagaccacatggtcttgttagaatttgttactgctgctggtattacccatgg
tatggatgaattgtacaaatTaaccctgaaacggaatcgcccgctgtttatgttgtgcatcg
gtgcgctgtgtgtgctgatttcgacctttgcggtcagcgcctcgtcgttgttctacgtgc
gctatgtgttaaatgataccgggctgttcactgtgctggtactggtgcaaaacctggttg
gtactgtggcatcggcaccgctggtgccggggatggtcgcgaggatcggtaaaaagaata
ccttcctgattggcgctttgctgggaacctgcggttatctgctgttcttctgggtttccg
tctggtcactgccggtggcgttggttgcgttggccatcgcttcaattggtcagggcgtta
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ccatgaccgtgatgtgggcgctggaagctgataccgtagaatacggtgaatacctgaccg
gcgtgcgaattgaagggctcacctattcactattctcatttacccgtaaatgcggtcagg
caatcggaggttcaattcctgcctttattttggggttaagcggatatatcgccaatcagg
tgcaaacgccggaagttattatgggcatccgcacatcaattgccttagtaccttgcggat
ttatgctactggcattcgttattatctggttttatccgctcacggataaaaaattcaaag
aaatcgtggttgaaattgataatcgtaaaaaagtgcagcagcaattaatcagcgatatca
ctaattaa

740

XyleE (1st half) GusB (2nd half) (chosen helice to cut: To the left of the bundle in
GusB)

3. Half way through IC2 before IC3
240:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRGKQEQAEGIL
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKL
VAQPSLNISLQTLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLVQNLVG
TVASAPLVPGMVARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVTMTVMW
ALEADTVEYGEYLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEVIMGIR
TSIALVPCGFMLLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcaagcaagaacaggcggaaggtatcctga
tgtctaaaggtgaagaattattcactggtgttgtcccaattttggttgaattagatggtgatgtt
aatggtcacaaattttctgtctccggtgaaggtgaaggtgatgctacttacggtaaattgacctt
aaaatttatttgtactactggtaaattgccagttccatggccaaccttagtcactactttcggtt
atggtgttcaatgttttgctagatacccagatcatatgaaacaacatgactttttcaagtctgcc
atgccagaaggttatgttcaagaaagaactatttttttcaaagatgacggtaactacaagaccag
agctgaagtcaagtttgaaggtgataccttagttaatagaatcgaattaaaaggtattgatttta
aagaagatggtaacattttaggtcacaaattggaatacaactataactctcacaatgtttacatc
atggctgacaaacaaaagaatggtatcaaagttaacttcaaaattagacacaacattgaagatgg
ttctgttcaattagctgaccattatcaacaaaatactccaattggtgatggtccagtcttgttac
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cagacaaccattacttatccactcaatctgccttatccaaagatccaaacgaaaagagagaccac
atggtcttgttagaatttgttactgctgctggtattacccatggtatggatgaattgtacaaatT
agttgcgcagccgtcattgaatatcagtctgcaaaccctgaaacggaatcgcccgctgttt
atgttgtgcatcggtgcgctgtgtgtgctgatttcgacctttgcggtcagcgcctcgtcg
ttgttctacgtgcgctatgtgttaaatgataccgggctgttcactgtgctggtactggtg
caaaacctggttggtactgtggcatcggcaccgctggtgccggggatggtcgcgaggatc
ggtaaaaagaataccttcctgattggcgctttgctgggaacctgcggttatctgctgttc
ttctgggtttccgtctggtcactgccggtggcgttggttgcgttggccatcgcttcaatt
ggtcagggcgttaccatgaccgtgatgtgggcgctggaagctgataccgtagaatacggt
gaatacctgaccggcgtgcgaattgaagggctcacctattcactattctcatttacccgt
aaatgcggtcaggcaatcggaggttcaattcctgcctttattttggggttaagcggatat
atcgccaatcaggtgcaaacgccggaagttattatgggcatccgcacatcaattgcctta
gtaccttgcggatttatgctactggcattcgttattatctggttttatccgctcacggat
aaaaaattcaaagaaatcgtggttgaaattgataatcgtaaaaaagtgcagcagcaatta
atcagcgatatcactaattaa

725

XyleE (1st half) GusB (2nd half) (chosen helice to cut: To the right of the bundle in
GusB)

4. After IC2 half way through IC3
247:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRGKQEQAEGILRKIMGNT
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKL
ISLQTLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLVQNLVGTVASAPL
VPGMVARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVTMTVMWALEADTV
EYGEYLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEVIMGIRTSIALVP
CGFMLLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcaagcaagaacaggcggaaggtatcctg
cgcaaaattatgggcaacacgatgtctaaaggtgaagaattattcactggtgttgtcccaatt
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ttggttgaattagatggtgatgttaatggtcacaaattttctgtctccggtgaaggtgaaggtga
tgctacttacggtaaattgaccttaaaatttatttgtactactggtaaattgccagttccatggc
caaccttagtcactactttcggttatggtgttcaatgttttgctagatacccagatcatatgaaa
caacatgactttttcaagtctgccatgccagaaggttatgttcaagaaagaactatttttttcaa
agatgacggtaactacaagaccagagctgaagtcaagtttgaaggtgataccttagttaatagaa
tcgaattaaaaggtattgattttaaagaagatggtaacattttaggtcacaaattggaatacaac
tataactctcacaatgtttacatcatggctgacaaacaaaagaatggtatcaaagttaacttcaa
aattagacacaacattgaagatggttctgttcaattagctgaccattatcaacaaaatactccaa
ttggtgatggtccagtcttgttaccagacaaccattacttatccactcaatctgccttatccaaa
gatccaaacgaaaagagagaccacatggtcttgttagaatttgttactgctgctggtattaccca
tggtatggatgaattgtacaaatTaatcagtctgcaaaccctgaaacggaatcgcccgctgt
ttatgttgtgcatcggtgcgctgtgtgtgctgatttcgacctttgcggtcagcgcctcgt
cgttgttctacgtgcgctatgtgttaaatgataccgggctgttcactgtgctggtactgg
tgcaaaacctggttggtactgtggcatcggcaccgctggtgccggggatggtcgcgagga
tcggtaaaaagaataccttcctgattggcgctttgctgggaacctgcggttatctgctgt
tcttctgggtttccgtctggtcactgccggtggcgttggttgcgttggccatcgcttcaa
ttggtcagggcgttaccatgaccgtgatgtgggcgctggaagctgataccgtagaatacg
gtgaatacctgaccggcgtgcgaattgaagggctcacctattcactattctcatttaccc
gtaaatgcggtcaggcaatcggaggttcaattcctgcctttattttggggttaagcggat
atatcgccaatcaggtgcaaacgccggaagttattatgggcatccgcacatcaattgcct
tagtaccttgcggatttatgctactggcattcgttattatctggttttatccgctcacgg
ataaaaaattcaaagaaatcgtggttgaaattgataatcgtaaaaaagtgcagcagcaat
taatcagcgatatcactaattaa

725

XyleE (1st half) GusB (2nd half) (GusB chosen helice to cut: exactly half way
through)

5. Just after IC2. Between IC2 and IC3
244:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRGKQEQAEGILRKIM
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKL
SLNISLQTLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLVQNLVGTVAS
APLVPGMVARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVTMTVMWALEA
DTVEYGEYLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEVIMGIRTSIA
LVPCGFMLLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
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ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcaagcaagaacaggcggaaggtatcctg
cgcaaaattatgatgtctaaaggtgaagaattattcactggtgttgtcccaattttggttgaat
tagatggtgatgttaatggtcacaaattttctgtctccggtgaaggtgaaggtgatgctacttac
ggtaaattgaccttaaaatttatttgtactactggtaaattgccagttccatggccaaccttagt
cactactttcggttatggtgttcaatgttttgctagatacccagatcatatgaaacaacatgact
ttttcaagtctgccatgccagaaggttatgttcaagaaagaactatttttttcaaagatgacggt
aactacaagaccagagctgaagtcaagtttgaaggtgataccttagttaatagaatcgaattaaa
aggtattgattttaaagaagatggtaacattttaggtcacaaattggaatacaactataactctc
acaatgtttacatcatggctgacaaacaaaagaatggtatcaaagttaacttcaaaattagacac
aacattgaagatggttctgttcaattagctgaccattatcaacaaaatactccaattggtgatgg
tccagtcttgttaccagacaaccattacttatccactcaatctgccttatccaaagatccaaacg
aaaagagagaccacatggtcttgttagaatttgttactgctgctggtattacccatggtatggat
gaattgtacaaatTatcattgaatatcagtctgcaaaccctgaaacggaatcgcccgctgt
ttatgttgtgcatcggtgcgctgtgtgtgctgatttcgacctttgcggtcagcgcctcgt
cgttgttctacgtgcgctatgtgttaaatgataccgggctgttcactgtgctggtactgg
tgcaaaacctggttggtactgtggcatcggcaccgctggtgccggggatggtcgcgagga
tcggtaaaaagaataccttcctgattggcgctttgctgggaacctgcggttatctgctgt
tcttctgggtttccgtctggtcactgccggtggcgttggttgcgttggccatcgcttcaa
ttggtcagggcgttaccatgaccgtgatgtgggcgctggaagctgataccgtagaatacg
gtgaatacctgaccggcgtgcgaattgaagggctcacctattcactattctcatttaccc
gtaaatgcggtcaggcaatcggaggttcaattcctgcctttattttggggttaagcggat
atatcgccaatcaggtgcaaacgccggaagttattatgggcatccgcacatcaattgcct
tagtaccttgcggatttatgctactggcattcgttattatctggttttatccgctcacgg
ataaaaaattcaaagaaatcgtggttgaaattgataatcgtaaaaaagtgcagcagcaat
taatcagcgatatcactaattaa

725

Fusion of N-domain of XylE with GFP

XylE forward flanking primer with EcoR1:

Name Primer Annealing temp

XyleF
1

5’-ATACTGAATTCGAATGGTCTAAGGCAGGTC
TGA- 3’

66.3 (22 nt
(11GC))

XyleE-GFP reverse fusion primer:
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Name sequence Reverse complement
primer

Annealing
temp

X y l E
- G F P
R1

5’-atgtcgcgcg
gc-3’
5’-atgtctaaag
gt-3’

5’-ACCTTTAGACATTGCGGATC
CGCCGCCGCGCGACAT-3’

75.6 (24
nt
(13GC))

X y l E
- G F P
R2

5’-ggccgcaaaa
cc-3’
5’-atgtctaaag
gt-3’

5’-ACCTTTAGACATTGCGGATC
CGCCGGTTTTGCGGCC-3’

73.9 (24
nt
(12GC))

X y l E
- G F P
R3

5’-gaaggtatcc
tg-3’
5’-atgtctaaag
gt-3’

5’-ACCTTTAGACATTGCGGATC
CGCCCAGGATACCTTC-3’

70.5 (24
nt
(10GC))

X y l E
- G F P
R4

5’-atgggcaaca
cg-3’
5’-atgtctaaag
gt-3’

5’-ACCTTTAGACATTGCGGATC
CGCCCGTGTTGCCCAT-3’

72.2 (24
nt
(11GC))

X y l E
- G F P
R5

5’-cgcaaaatta
tg-3’
5’-atgtctaaag
gtg-3’

5’-CACCTTTAGACATTGCGGAT
CCGCCCATAATTTTGCG-3’

69.3
(25 nt
(9GC))

XylE-GFP forward fusion primers

Name Primer Annealing temp

XylE-GFPF1 5’-atgtcgcgcggcGGCGGATCCGCAa
tgtctaaaggt-3’

75.6
(24 nt (13GC))

XylE-GFPF2 5’-ggccgcaaaaccGGCGGATCCGCAa
tgtctaaaggt-3’

73.9
(24 nt (12GC))

XylE-GFPF3 5’-gaaggtatcctgGGCGGATCCGCAa
tgtctaaaggt-3’

70.5
(24 nt (10GC))

XylE-GFPF4 5’-atgggcaacacgGGCGGATCCGCAa
tgtctaaaggt-3’

72.2
(24 nt (11GC))

XylE-GFPF5 5’-gcgcaaaattatgGGCGGATCCGCA
atgtctaaaggt-3’

69.3
(25 nt (9GC))
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GFP reverse flankingprimerwithHindIII

Name sequence Reverse complement
primer

Annealing
temp

GFPR1 5’-catggta
tggatgaatt
gtacaaataa
-3’

5̓ -ATACTAAGCTTTTATTTGT
ACAATTCATCCATACCATG-3̓

68.6
(27nt (8GC))

XylE (1st half) - GFP

1. Before IC2 and IC3
231:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRG
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK

atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcatgtctaaaggtgaagaattattcactgg
tgttgtcccaattttggttgaattagatggtgatgttaatggtcacaaattttctgtctccggtg
aaggtgaaggtgatgctacttacggtaaattgaccttaaaatttatttgtactactggtaaattg
ccagttccatggccaaccttagtcactactttcggttatggtgttcaatgttttgctagataccc
agatcatatgaaacaacatgactttttcaagtctgccatgccagaaggttatgttcaagaaagaa
ctatttttttcaaagatgacggtaactacaagaccagagctgaagtcaagtttgaaggtgatacc
ttagttaatagaatcgaattaaaaggtattgattttaaagaagatggtaacattttaggtcacaa
attggaatacaactataactctcacaatgtttacatcatggctgacaaacaaaagaatggtatca
aagttaacttcaaaattagacacaacattgaagatggttctgttcaattagctgaccattatcaa
caaaatactccaattggtgatggtccagtcttgttaccagacaaccattacttatccactcaatc
tgccttatccaaagatccaaacgaaaagagagaccacatggtcttgttagaatttgttactgctg
ctggtattacccatggtatggatgaattgtacaaataa

469
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XyleE (1st half) - GFP

2. After IC2 and IC3
266:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRGKQEQAEGILRKIMGNTLATQAVQEI
KHSLDHGRKT
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK

atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcaagcaagaacaggcggaaggtatcctg
cgcaaaattatgggcaacacgcttgcaactcaggcagtacaggaaattaaacactccctg
gatcatggccgcaaaaccatgtctaaaggtgaagaattattcactggtgttgtcccaattttg
gttgaattagatggtgatgttaatggtcacaaattttctgtctccggtgaaggtgaaggtgatgc
tacttacggtaaattgaccttaaaatttatttgtactactggtaaattgccagttccatggccaa
ccttagtcactactttcggttatggtgttcaatgttttgctagatacccagatcatatgaaacaa
catgactttttcaagtctgccatgccagaaggttatgttcaagaaagaactatttttttcaaaga
tgacggtaactacaagaccagagctgaagtcaagtttgaaggtgataccttagttaatagaatcg
aattaaaaggtattgattttaaagaagatggtaacattttaggtcacaaattggaatacaactat
aactctcacaatgtttacatcatggctgacaaacaaaagaatggtatcaaagttaacttcaaaat
tagacacaacattgaagatggttctgttcaattagctgaccattatcaacaaaatactccaattg
gtgatggtccagtcttgttaccagacaaccattacttatccactcaatctgccttatccaaagat
ccaaacgaaaagagagaccacatggtcttgttagaatttgttactgctgctggtattacccatgg
tatggatgaattgtacaaataa

504

XyleE (1st half) - GFP

3. Half way through IC2 before IC3
240:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRGKQEQAEGIL
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MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK

atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcaagcaagaacaggcggaaggtatcctga
tgtctaaaggtgaagaattattcactggtgttgtcccaattttggttgaattagatggtgatgtt
aatggtcacaaattttctgtctccggtgaaggtgaaggtgatgctacttacggtaaattgacctt
aaaatttatttgtactactggtaaattgccagttccatggccaaccttagtcactactttcggtt
atggtgttcaatgttttgctagatacccagatcatatgaaacaacatgactttttcaagtctgcc
atgccagaaggttatgttcaagaaagaactatttttttcaaagatgacggtaactacaagaccag
agctgaagtcaagtttgaaggtgataccttagttaatagaatcgaattaaaaggtattgatttta
aagaagatggtaacattttaggtcacaaattggaatacaactataactctcacaatgtttacatc
atggctgacaaacaaaagaatggtatcaaagttaacttcaaaattagacacaacattgaagatgg
ttctgttcaattagctgaccattatcaacaaaatactccaattggtgatggtccagtcttgttac
cagacaaccattacttatccactcaatctgccttatccaaagatccaaacgaaaagagagaccac
atggtcttgttagaatttgttactgctgctggtattacccatggtatggatgaattgtacaaata
a

478

XyleE (1st half) - GFP

4. After IC2 half way through IC3
247:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRGKQEQAEGILRKIMGNT
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK

atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
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cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcaagcaagaacaggcggaaggtatcctg
cgcaaaattatgggcaacacgatgtctaaaggtgaagaattattcactggtgttgtcccaatt
ttggttgaattagatggtgatgttaatggtcacaaattttctgtctccggtgaaggtgaaggtga
tgctacttacggtaaattgaccttaaaatttatttgtactactggtaaattgccagttccatggc
caaccttagtcactactttcggttatggtgttcaatgttttgctagatacccagatcatatgaaa
caacatgactttttcaagtctgccatgccagaaggttatgttcaagaaagaactatttttttcaa
agatgacggtaactacaagaccagagctgaagtcaagtttgaaggtgataccttagttaatagaa
tcgaattaaaaggtattgattttaaagaagatggtaacattttaggtcacaaattggaatacaac
tataactctcacaatgtttacatcatggctgacaaacaaaagaatggtatcaaagttaacttcaa
aattagacacaacattgaagatggttctgttcaattagctgaccattatcaacaaaatactccaa
ttggtgatggtccagtcttgttaccagacaaccattacttatccactcaatctgccttatccaaa
gatccaaacgaaaagagagaccacatggtcttgttagaatttgttactgctgctggtattaccca
tggtatggatgaattgtacaaataa

485

XyleE (1st half) - GFP

5. Just after IC2. Between IC2 and IC3
244:MNTQYNSSYIFSITLVATLGGLLFGYDTAVISGTVESLNTVFVAPQNLSESAANSLLGFCV
ASALIGCIIGGALGGYCSNRFGRRDSLKIAAVLFFISGVGSAWPELGFTSINPDNTVPVYLAGYV
PEFVIYRIIGGIGVGLASMLSPMYIAELAPAHIRGKLVSFNQFAIIFGQLLVYCVNYFIARSGDA
SWLNTDGWRYMFASECIPALLFLMLLYTVPESPRWLMSRGKQEQAEGILRKIM
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK

atgaatacccagtataattccagttatatattttcgattaccttagtcgctacattaggt
ggtttattatttggctacgacaccgccgttatttccggtactgttgagtcactcaatacc
gtctttgttgctccacaaaacttaagtgaatccgctgccaactccctgttagggttttgc
gtggccagcgctctgattggttgcatcatcggcggtgccctcggtggttattgcagtaac
cgcttcggtcgtcgtgattcacttaagattgctgctgtcctgttttttatttctggtgta
ggttctgcctggccagaacttggttttacctctataaacccggacaacactgtgcctgtt
tatctggcaggttatgtcccggaatttgttatttatcgcattattggcggtattggcgtt
ggtttagcctcaatgctctcgccaatgtatattgcggaactggctccagctcatattcgc
gggaaactggtctcttttaaccagtttgcgattattttcgggcaacttttagtttactgc
gtaaactattttattgcccgttccggtgatgccagctggctgaatactgacggctggcgt
tatatgtttgcctcggaatgtatccctgcactgctgttcttaatgctgctgtataccgtg
ccagaaagtcctcgctggctgatgtcgcgcggcaagcaagaacaggcggaaggtatcctg
cgcaaaattatgatgtctaaaggtgaagaattattcactggtgttgtcccaattttggttgaat
tagatggtgatgttaatggtcacaaattttctgtctccggtgaaggtgaaggtgatgctacttac
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ggtaaattgaccttaaaatttatttgtactactggtaaattgccagttccatggccaaccttagt
cactactttcggttatggtgttcaatgttttgctagatacccagatcatatgaaacaacatgact
ttttcaagtctgccatgccagaaggttatgttcaagaaagaactatttttttcaaagatgacggt
aactacaagaccagagctgaagtcaagtttgaaggtgataccttagttaatagaatcgaattaaa
aggtattgattttaaagaagatggtaacattttaggtcacaaattggaatacaactataactctc
acaatgtttacatcatggctgacaaacaaaagaatggtatcaaagttaacttcaaaattagacac
aacattgaagatggttctgttcaattagctgaccattatcaacaaaatactccaattggtgatgg
tccagtcttgttaccagacaaccattacttatccactcaatctgccttatccaaagatccaaacg
aaaagagagaccacatggtcttgttagaatttgttactgctgctggtattacccatggtatggat
gaattgtacaaataa

482

Fusion of GFP with C-domain of GusB

GFP forwardflankingprimerwithEcoR1

Name sequence Annealing temp

GFPF1 5’-ATACTGAATTCatgtctaaagg
tgaagaattattcactgg-3’

72.4
(29nt (10GC))

GusB-GFP reverse fusion primer

Name sequence Reverse complement
primer

Annealin
g temp

G u s B -
GFPR1

5’-ttgtacaaatTa-3
’
5’-aatgtggtacgtat
c-3’

5’-GATACGTACCACATTTGCG
GATCCGCCTAATTTGTACAA-3
’

68.6
(27 nt
(8GC))

G u s B -
GFPR2

5’-ttgtacaaatTa-3
’
5’-accctgaaacgga-
3’

5’-TCCGTTTCAGGGTTGCGGA
TCCGCCTAATTTGTACAA-3’

69.3
(25 nt
(9GC))

G u s B -
GFPR3

5’-ttgtacaaatTa-3
’
5’-gttgcgcagccg-3
’

5’-CGGCTGCGCAACTGCGGAT
CCGCCTAATTTGTACAA-3’

72.2 (24
nt
(11GC))
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G u s B -
GFPR4

5’-gaattgtacaaatT
a-3’
5’-atcagtctgcaaac
-3’

5’-GTTTGCAGACTGATTGCGG
ATCCGCCTAATTTGTACAATTC
-3’

70.9
(29 nt
(9GC))

G u s B -
GFPR5

5’-gaattgtacaaatT
a-3’
5’-tcattgaatatcag
tc-3’

5’-GACTGATATTCAATGATGC
GGATCCGCCTAATTTGTACAAT
TC-3’

70.3
(31 nt
(8GC))

GusB-GFP forward fusion primer

Name Primer Annealing temp

GusB-GFPF1 5’-ttgtacaaatTaGGCGGATCCGCAaa
tgtggtacgtatc-3’

68.6
(27 nt (8GC))

GusB-GFPF2 5’-ttgtacaaatTaGGCGGATCCGCAac
cctgaaacgga-3’

69.3
(25 nt (9GC))

GusB-GFPF3 5’-ttgtacaaatTaGGCGGATCCGCAgt
tgcgcagccg-3’

72.2
(24 nt (11GC))

GusB-GFPF4 5’-gaattgtacaaatTaGGCGGATCCGCA
atcagtctgcaaac-3’

70.9
(29 nt (9GC))

GusB-GFPF5 5’-gaattgtacaaatTaGGCGGATCCGC
Atcattgaatatcagtc-3’

70.3
(31 nt (8GC))

GusB reverse flanking primer with HindIII

Name sequence Reverse complement
primer

Annealing
temp

GusBR
1

5’-GCAATTAATCA
GCGATATCACTAAT
TAA-3’

5’-ATACTAAGCTTTTAATTAGT
GATATCGCTGATTAATTGC-3’

69.1
(28 nt
(8GC))

GFP - GusB (2nd half)

1. Before IC2 and IC3
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKL
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NVVRIVAQPSLNISLQTLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLV
QNLVGTVASAPLVPGMVARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVT
MTVMWALEADTVEYGEYLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEV
IMGIRTSIALVPCGFMLLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

atgtctaaaggtgaagaattattcactggtgttgtcccaattttggttgaattagatggtgatgt
taatggtcacaaattttctgtctccggtgaaggtgaaggtgatgctacttacggtaaattgacct
taaaatttatttgtactactggtaaattgccagttccatggccaaccttagtcactactttcggt
tatggtgttcaatgttttgctagatacccagatcatatgaaacaacatgactttttcaagtctgc
catgccagaaggttatgttcaagaaagaactatttttttcaaagatgacggtaactacaagacca
gagctgaagtcaagtttgaaggtgataccttagttaatagaatcgaattaaaaggtattgatttt
aaagaagatggtaacattttaggtcacaaattggaatacaactataactctcacaatgtttacat
catggctgacaaacaaaagaatggtatcaaagttaacttcaaaattagacacaacattgaagatg
gttctgttcaattagctgaccattatcaacaaaatactccaattggtgatggtccagtcttgtta
ccagacaaccattacttatccactcaatctgccttatccaaagatccaaacgaaaagagagacca
catggtcttgttagaatttgttactgctgctggtattacccatggtatggatgaattgtacaaat
Taaatgtggtacgtatcgttgcgcagccgtcattgaatatcagtctgcaaaccctgaaacg
gaatcgcccgctgtttatgttgtgcatcggtgcgctgtgtgtgctgatttcgacctttgc
ggtcagcgcctcgtcgttgttctacgtgcgctatgtgttaaatgataccgggctgttcac
tgtgctggtactggtgcaaaacctggttggtactgtggcatcggcaccgctggtgccggg
gatggtcgcgaggatcggtaaaaagaataccttcctgattggcgctttgctgggaacctg
cggttatctgctgttcttctgggtttccgtctggtcactgccggtggcgttggttgcgtt
ggccatcgcttcaattggtcagggcgttaccatgaccgtgatgtgggcgctggaagctga
taccgtagaatacggtgaatacctgaccggcgtgcgaattgaagggctcacctattcact
attctcatttacccgtaaatgcggtcaggcaatcggaggttcaattcctgcctttatttt
ggggttaagcggatatatcgccaatcaggtgcaaacgccggaagttattatgggcatccg
cacatcaattgccttagtaccttgcggatttatgctactggcattcgttattatctggtt
ttatccgctcacggataaaaaattcaaagaaatcgtggttgaaattgataatcgtaaaaa
agtgcagcagcaattaatcagcgatatcactaattaa

490

GFP - GusB (2nd half)

2. After IC2 and IC3
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKL
TLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLVQNLVGTVASAPLVPGM
VARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVTMTVMWALEADTVEYGE
YLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEVIMGIRTSIALVPCGFM
LLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

atgtctaaaggtgaagaattattcactggtgttgtcccaattttggttgaattagatggtgatgt
taatggtcacaaattttctgtctccggtgaaggtgaaggtgatgctacttacggtaaattgacct
taaaatttatttgtactactggtaaattgccagttccatggccaaccttagtcactactttcggt
tatggtgttcaatgttttgctagatacccagatcatatgaaacaacatgactttttcaagtctgc
catgccagaaggttatgttcaagaaagaactatttttttcaaagatgacggtaactacaagacca
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gagctgaagtcaagtttgaaggtgataccttagttaatagaatcgaattaaaaggtattgatttt
aaagaagatggtaacattttaggtcacaaattggaatacaactataactctcacaatgtttacat
catggctgacaaacaaaagaatggtatcaaagttaacttcaaaattagacacaacattgaagatg
gttctgttcaattagctgaccattatcaacaaaatactccaattggtgatggtccagtcttgtta
ccagacaaccattacttatccactcaatctgccttatccaaagatccaaacgaaaagagagacca
catggtcttgttagaatttgttactgctgctggtattacccatggtatggatgaattgtacaaat
Taaccctgaaacggaatcgcccgctgtttatgttgtgcatcggtgcgctgtgtgtgctgat
ttcgacctttgcggtcagcgcctcgtcgttgttctacgtgcgctatgtgttaaatgatac
cgggctgttcactgtgctggtactggtgcaaaacctggttggtactgtggcatcggcacc
gctggtgccggggatggtcgcgaggatcggtaaaaagaataccttcctgattggcgcttt
gctgggaacctgcggttatctgctgttcttctgggtttccgtctggtcactgccggtggc
gttggttgcgttggccatcgcttcaattggtcagggcgttaccatgaccgtgatgtgggc
gctggaagctgataccgtagaatacggtgaatacctgaccggcgtgcgaattgaagggct
cacctattcactattctcatttacccgtaaatgcggtcaggcaatcggaggttcaattcc
tgcctttattttggggttaagcggatatatcgccaatcaggtgcaaacgccggaagttat
tatgggcatccgcacatcaattgccttagtaccttgcggatttatgctactggcattcgt
tattatctggttttatccgctcacggataaaaaattcaaagaaatcgtggttgaaattga
taatcgtaaaaaagtgcagcagcaattaatcagcgatatcactaattaa

474

GFP - GusB (2nd half)

3. Half way through IC2 before IC3
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKL
VAQPSLNISLQTLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLVQNLVG
TVASAPLVPGMVARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVTMTVMW
ALEADTVEYGEYLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEVIMGIR
TSIALVPCGFMLLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

atgtctaaaggtgaagaattattcactggtgttgtcccaattttggttgaattagatggtgatgt
taatggtcacaaattttctgtctccggtgaaggtgaaggtgatgctacttacggtaaattgacct
taaaatttatttgtactactggtaaattgccagttccatggccaaccttagtcactactttcggt
tatggtgttcaatgttttgctagatacccagatcatatgaaacaacatgactttttcaagtctgc
catgccagaaggttatgttcaagaaagaactatttttttcaaagatgacggtaactacaagacca
gagctgaagtcaagtttgaaggtgataccttagttaatagaatcgaattaaaaggtattgatttt
aaagaagatggtaacattttaggtcacaaattggaatacaactataactctcacaatgtttacat
catggctgacaaacaaaagaatggtatcaaagttaacttcaaaattagacacaacattgaagatg
gttctgttcaattagctgaccattatcaacaaaatactccaattggtgatggtccagtcttgtta
ccagacaaccattacttatccactcaatctgccttatccaaagatccaaacgaaaagagagacca
catggtcttgttagaatttgttactgctgctggtattacccatggtatggatgaattgtacaaat
Tagttgcgcagccgtcattgaatatcagtctgcaaaccctgaaacggaatcgcccgctgtt
tatgttgtgcatcggtgcgctgtgtgtgctgatttcgacctttgcggtcagcgcctcgtc
gttgttctacgtgcgctatgtgttaaatgataccgggctgttcactgtgctggtactggt
gcaaaacctggttggtactgtggcatcggcaccgctggtgccggggatggtcgcgaggat
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cggtaaaaagaataccttcctgattggcgctttgctgggaacctgcggttatctgctgtt
cttctgggtttccgtctggtcactgccggtggcgttggttgcgttggccatcgcttcaat
tggtcagggcgttaccatgaccgtgatgtgggcgctggaagctgataccgtagaatacgg
tgaatacctgaccggcgtgcgaattgaagggctcacctattcactattctcatttacccg
taaatgcggtcaggcaatcggaggttcaattcctgcctttattttggggttaagcggata
tatcgccaatcaggtgcaaacgccggaagttattatgggcatccgcacatcaattgcctt
agtaccttgcggatttatgctactggcattcgttattatctggttttatccgctcacgga
taaaaaattcaaagaaatcgtggttgaaattgataatcgtaaaaaagtgcagcagcaatt
aatcagcgatatcactaattaa

485

GFP - GusB (2nd half)

4. After IC2 half way through IC3
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKL
ISLQTLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLVQNLVGTVASAPL
VPGMVARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVTMTVMWALEADTV
EYGEYLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEVIMGIRTSIALVP
CGFMLLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

atgtctaaaggtgaagaattattcactggtgttgtcccaattttggttgaattagatggtgatgt
taatggtcacaaattttctgtctccggtgaaggtgaaggtgatgctacttacggtaaattgacct
taaaatttatttgtactactggtaaattgccagttccatggccaaccttagtcactactttcggt
tatggtgttcaatgttttgctagatacccagatcatatgaaacaacatgactttttcaagtctgc
catgccagaaggttatgttcaagaaagaactatttttttcaaagatgacggtaactacaagacca
gagctgaagtcaagtttgaaggtgataccttagttaatagaatcgaattaaaaggtattgatttt
aaagaagatggtaacattttaggtcacaaattggaatacaactataactctcacaatgtttacat
catggctgacaaacaaaagaatggtatcaaagttaacttcaaaattagacacaacattgaagatg
gttctgttcaattagctgaccattatcaacaaaatactccaattggtgatggtccagtcttgtta
ccagacaaccattacttatccactcaatctgccttatccaaagatccaaacgaaaagagagacca
catggtcttgttagaatttgttactgctgctggtattacccatggtatggatgaattgtacaaat
Taatcagtctgcaaaccctgaaacggaatcgcccgctgtttatgttgtgcatcggtgcgct
gtgtgtgctgatttcgacctttgcggtcagcgcctcgtcgttgttctacgtgcgctatgt
gttaaatgataccgggctgttcactgtgctggtactggtgcaaaacctggttggtactgt
ggcatcggcaccgctggtgccggggatggtcgcgaggatcggtaaaaagaataccttcct
gattggcgctttgctgggaacctgcggttatctgctgttcttctgggtttccgtctggtc
actgccggtggcgttggttgcgttggccatcgcttcaattggtcagggcgttaccatgac
cgtgatgtgggcgctggaagctgataccgtagaatacggtgaatacctgaccggcgtgcg
aattgaagggctcacctattcactattctcatttacccgtaaatgcggtcaggcaatcgg
aggttcaattcctgcctttattttggggttaagcggatatatcgccaatcaggtgcaaac
gccggaagttattatgggcatccgcacatcaattgccttagtaccttgcggatttatgct
actggcattcgttattatctggttttatccgctcacggataaaaaattcaaagaaatcgt
ggttgaaattgataatcgtaaaaaagtgcagcagcaattaatcagcgatatcactaatta
a
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478

GFP - GusB (2nd half)

5. Just after IC2. Between IC2 and IC3 244:
MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFG
YGVQCFARYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDF
KEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLL
PDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYKL
SLNISLQTLKRNRPLFMLCIGALCVLISTFAVSASSLFYVRYVLNDTGLFTVLVLVQNLVGTVAS
APLVPGMVARIGKKNTFLIGALLGTCGYLLFFWVSVWSLPVALVALAIASIGQGVTMTVMWALEA
DTVEYGEYLTGVRIEGLTYSLFSFTRKCGQAIGGSIPAFILGLSGYIANQVQTPEVIMGIRTSIA
LVPCGFMLLAFVIIWFYPLTDKKFKEIVVEIDNRKKVQQQLISDITN

atgtctaaaggtgaagaattattcactggtgttgtcccaattttggttgaattagatggtgatgt
taatggtcacaaattttctgtctccggtgaaggtgaaggtgatgctacttacggtaaattgacct
taaaatttatttgtactactggtaaattgccagttccatggccaaccttagtcactactttcggt
tatggtgttcaatgttttgctagatacccagatcatatgaaacaacatgactttttcaagtctgc
catgccagaaggttatgttcaagaaagaactatttttttcaaagatgacggtaactacaagacca
gagctgaagtcaagtttgaaggtgataccttagttaatagaatcgaattaaaaggtattgatttt
aaagaagatggtaacattttaggtcacaaattggaatacaactataactctcacaatgtttacat
catggctgacaaacaaaagaatggtatcaaagttaacttcaaaattagacacaacattgaagatg
gttctgttcaattagctgaccattatcaacaaaatactccaattggtgatggtccagtcttgtta
ccagacaaccattacttatccactcaatctgccttatccaaagatccaaacgaaaagagagacca
catggtcttgttagaatttgttactgctgctggtattacccatggtatggatgaattgtacaaat
Tatcattgaatatcagtctgcaaaccctgaaacggaatcgcccgctgtttatgttgtgcat
cggtgcgctgtgtgtgctgatttcgacctttgcggtcagcgcctcgtcgttgttctacgt
gcgctatgtgttaaatgataccgggctgttcactgtgctggtactggtgcaaaacctggt
tggtactgtggcatcggcaccgctggtgccggggatggtcgcgaggatcggtaaaaagaa
taccttcctgattggcgctttgctgggaacctgcggttatctgctgttcttctgggtttc
cgtctggtcactgccggtggcgttggttgcgttggccatcgcttcaattggtcagggcgt
taccatgaccgtgatgtgggcgctggaagctgataccgtagaatacggtgaatacctgac
cggcgtgcgaattgaagggctcacctattcactattctcatttacccgtaaatgcggtca
ggcaatcggaggttcaattcctgcctttattttggggttaagcggatatatcgccaatca
ggtgcaaacgccggaagttattatgggcatccgcacatcaattgccttagtaccttgcgg
atttatgctactggcattcgttattatctggttttatccgctcacggataaaaaattcaa
agaaatcgtggttgaaattgataatcgtaaaaaagtgcagcagcaattaatcagcgatat
cactaattaa
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Appendix 10 Sequencing Analysis for clone 31B
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Appendix 11 Laboratory Book Notes
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