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Fig. 53.  Analysis of holo HT-ApcAB purified from E.coli cells chromophorylated by 

TECpcS. A. Abosrbance (solid blue) line fluorescence emission (blue dashed) spectra of HT-

ApcAB purified from cells containing ApcAB/TECpcS and pPcyA, absorbance (blue-solid line) 

and fluorescence emission (bluedotted line). B. Absorbance (pink-solid) and fluorescence (pink-

dotted) line from cells purified by coexpressing ApcAB/TECpcS with pPebS. C. Absorbance 

(green-solid) and fluorescence (green-dotted) line from cells purified by coexpressing 

ApcAB/TECpcS with pHy2. D. Coomassie-stained SDS-polyacrylamide gel of HT-ApcAB 

purified from cells containing ApcAB/TECpcS and pPcyA (lane 1), from cells containing 

ApcAB/TECpcS and pPebS (lane 2), from cells containing ApcAB/TECpcS, ho1/hy2 (lane 3). 

Lane S represent Molecular mass standards were indicated by arrows. E.  Zinc-enhanced bilin 

fluorescence of the gel in panel D. 
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5.3. TE CpcS activity on AP -like subunit ApcD: 

    TE CpcS was coexpressed with ApcD with genes involved in formation of three 

bilins (PCB, PEB or PXB).  The coexpressed cells were found to be colored (data not shown) 

indicative of covalent bilin ligation.  The whole cells were purified using Ni-NTA column 

chromatography.  The purified cells were characterized as described earlier using absorbance and 

fluorescence emission spectra.  In Fig. 54 A, B, C, the solid line absorbance and dotted line 

represent the fluorescence emission spectra of holo ApcBD ligated with three different bilins PCB 

m(blue), PEB (red), PXB (green) (See Table 11). The purified proteins were separated on SDS-

PAGE, stained with Zinc sulphate. Bilin ligation on ApcD was confirmed by fluorescent bands in 

Fig.54 E (lanes 1 through 3).  For protein content the gel was futher stained with commassie stain 

(Fig. 54 D).  In conclusion, TE CpcS is capable of attaching all there bilins on ApcD which is 

quite unusual since naturally ApcD only contains PCB and acts as a terminal energy acceptor. In 

case of ApcBD liagtion with PCB there is an energy transfer from the bilin on ApcB to ApcD 

going on which is evidence from the spectrum  (See Fig 54A), which correspond to our earlier 

data (See Result Section 3.1), where very little enery transfer in case of ApcBD ligation with PEB 

(See Fig. 54B).  However, in case of ApcBD ligation with PfB no energy transfer between the 

subunits was noticed.   This might be an interesting observation where the AP subunits behave 

differently when non-cognate bilin are ligated in E. coli system.  
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Fig. 54.  Analysis of holo HT-ApcBD purified from E.coli cells chromophorylated by 

TECpcS. A. Absorbance (solid blue) line fluorescence emission (blue dashed) spectra of HT-

ApcDB purified from cells containing ApcBD/TECpcS and pPcyA, absorbance (blue-solid line) 

and fluorescence emission (blue-dotted line). B. Absorbance (pink-solid and fluorescence (pink-

dotted) line from cells purified by coexpressing ApcBD/TECpcS with pPebS. C. Absorbance 

(green-solid) and fluorescence (green-dotted) line from cells purified by coexpressing 

ApcDB/TECpcS with  ho1/hy2. D. Coomassie-stained SDS-polyacrylamide gel of HT-ApcDB 

purified from cells containing ApcDB/TECpcS and pPcyA (lane 1), from cells containing 

ApcDB/TECpcS and pPebS (lane 2), from cells containing ApcDB/TECpcS, ho1/hy2 (lane 3). 

Lane S represent Molecular mass standards were indicated by arrows. E.  Zinc-enhanced bilin 

fluorescence of the gel in panel D. 
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5.4. TE CpcS activity on the less abundant AP - like subunit ApcF: 

    TE CpcS was coexpressed with ApcF with genes involved in formation of three 

bilins (PCB, PEB or PfB).  The coexpressed cells were found to be colored (data not shown) 

indicative of covalent bilin ligation.  The whole cells were purified using Metal affinity 

chromatography column chromatography.  The purified cells were characterized as described 

earlier using absorbance and fluorescence emission spetra.  In Fig. 55 A, B, the solid line 

represent absorbance and dotted line represent the fluorescence emission spectra of holo ApcF 

ligated with two different bilins PCB and PEB (See Table 11). The purified proteins were 

separated on SDS-PAGE, stained with Zinc sulphate to confirm bilin addition on less abundant  

subunit of AP (ApcF) in Fig 55 E (lanes 1 through 3).  For protein content the gel was futher 

stained with commassie stain (Fig. 55 D).  In conclusion TE CpcS is capable of attaching all three 

bilins on ApcF which is quite unusual since naturally ApcF only contains PCB. When both PCB 

and PEB are present CpcS prefer attachment of the non-cognate PEB (Fig 55B).  

Thermosynechococcus PBPs only contain PCB, andit may be that there is little need to 

discriminate among bilins in this organism. Synechococcus sp. PCC 7002 may have evolutionary 

relatives that contain PEB, providing a greater need to discriminate, explaning why the CpcSU 

lyase is not as effective PEB attachment. 
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Fig. 55.  Analysis of holo HT-ApcF purified from E.coli cells chromophorylated by TECpcS. 
A. Absorbance (solid) line fluorescence emission (dashed) spectra of HT-ApcF purified from 

cells containing ApcF/TECpcS and pPcyA, absorbance (blue-solid line) and fluorescence 

emission (blue-dotted line) or ApcF/TECpcS and pPebS, absorbance (pink-solid line) and 

fluorescence emission (pink-dotted line). B. Absorbance (solid) and fluorescence (dotted) line 

from cells purified by coexpressing ApcF/TECpcS with both pPcyA and pPebS, aborbance (solid- 

purple line) and flouresence emission (pink dotted) for PEB emission and blue-dotted for PCB 

emission.pPcyA. C. Coomassie-stained SDS-polyacrylamide gel of HT-ApcF purified from cells 

containing ApcF/TECpcS and pPcyA (lane 1), from cells containing ApcF/TECpcS and pPebS 

(lane 2), from cells containing ApcF/TECpcS, pPcyA and pPebS (lane 3). Molecular mass 

standards were indicated by arrows. D.  Zinc-enhanced bilin fluorescence of the gel in panel C. 
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Conclusion:   The overall conclusion of this small project is that we have characterized one new 

bilin lyase which shares 50-60 % sequence similarity with known CpcS type lyases.  TE CpcS has 

the capacity to ligate variable bilins to all AP subunits. Since the X-ray crystal structure is 

available that may be helpful in using this lyase for designing various fluorescent tags for 

biotechnology applications and this project has proven that this homodimeric structure indeed 

functions as a bilin lyase. 
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Table  11:  Spectral properties for PC and AP subunits chromophorylated with multiple       

                   bilins aided by TE CpcS : 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1
Coexpressed with TE CpcS 

2
Coexpressed with pCpcSU 

 

 

 

 

 

 

 

 

Holo recombinant PBPs (Plasmid 

present) 
max (nm)(Q 

Vis/UV) 

Fluorescence Emission max 

(nm) 

HT-CpcB (pCpcBA + pPcyA
1
) 629/394 (0.24) 644 

HT-CpcB (pCpcBA + pPcyA
2
) 628/393 (0.28) 644 

HT-ApcA/ApcB (pApcAB+pPcyA
1
) 614/392 (5.3) 632 

HT-ApcA/ApcB (pApcAB+pPebS
1
) 560/376 (8.3) 571 

HT-ApcA/ApcB (pApcAB+pHy2
 1

) 629/391 (4.8) 648 

HT-ApcD (pApcDB+pPcyA
 1

) 672/370 (3.2) 672 

HT-ApcD (pApcDB+pPebS
1
) 572/371 (2.8) 571 

HT-ApcD (pApcDB+pHy2
 1

) 629/391 (2.4) 648 

HT-ApcF (pApcF+pPebS
1
) 560/376 (8.1) 572 

HT-ApcF (pApcF+pPcyA
 1

) 615/393 (4.2) 632 
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In vivo WH 8020 CpeA WH 8020 CpeU/ 

WH 8102 CpeS 

PEB Negative result 

In vivo WH 8020 CpeB WH 8020 CpeU/ 

WH 8102 CpeS 

PEB Negative result 

In vitro WH 8020 CpeA WH 8020 CpeU  

/ WH 8102 CpeS 

PEB Showed a little 

fluorescence emission at 

573 nm with a faint Zn 

stain band when 

separated on SDS-PAGE 

In vitro WH 8020 CpeB WH 8020 CpeU/ 

WH 8102 CpeS 

PEB Showed a  little 

fluorescence emission at 

573 nm with a faint Zn 

stain band when 

separated on SDS-PAGE 

(a) In vivo here means the experiments was done by coexpressing all the necessary genes in 

the E. coli system. 

 

(b) CpeA-represent α subunit of PEI; CpeB-represent β subunit of PEI; MpeA-represent α 

subunit of PEII;MpeB-represent β subunit of PEII 

Note:  All the combination reactions mentioned in the Table 12, were attempted using CpeA, 

CpeB, MpeA and MpeB with Histidine tag, GST tag, and Maltose tag (Refer to Table 11). The 

subunits cloned in pMAL vector formed inclusion bodies and was purified by arginine refolding.  

These were tried for in vitro reaction will all possible lyase combinations but with 

 no positive outcome.  The refolded protein can be found in Schluchter’s lab at UNO in -20C 

freezer.  For in vitro reaction was carried out following the procedure described earlier (Saunée, 

Williams et al. 2008), with minor changes.  As a source for enzyme for making PEB, purified 

PebS was used, and the reactions were carried out for 1h 30 min in dark at room temperature. 
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Table  13: Oligonucleotide sequences used for clones in Appendix: 

 

Name Sequence 

Vector 

Cloned 

8020 PebA; F 

(NcoI) 

AACCATGGTTGATTCATTTCTCAATGAGCT pACYC 

Duet  

8020 PebA; F 

(EcoRI) 

TTGGAATCCTTATTTGTGAGAGGAGGAGGCGGG pACYC 

Duet  

8020 PebB; F 

(Sac) 

AGAGCTCAAGGAGATAACAAATGACAAATCAAAGATTC pACYC 

Duet  

8020 PebB; R 

(PstI) 

AAACTGCAGTTATAGATCAAAAAGCACAGTGTGG pACYC 

Duet  

8020 

MpeA;F(PstI) 

AAACTGCAGAAGGAGACAACTCATGAAGTCTGTTATCACC pCOLA 

8020 MpeA;R 

(SalI) 

AAAGTCGACTCAACCCAGGGAGTTGATCA pCOLA 

   

8020 MpeB; F 

(BamHI) 

CAGGATCCCATGCTCGACGCATTCTCCAGGAAGGC  pET 

Duet  

8020 MpeB; R 

(EcoRI) 

ATGAATTCAGATTCAGCTGATTGCGCTGATCACTG  

pETDuet 

8020 MpeA;F 

(SalI) 

AAAGTCGACAAGGAGACAACTCATGAAGTCTGTTATCACC pET  

Duet  

8020 MpeA;R 

(HindIII) 

AAAAAGCTTTCAACCAGGGAGTTGATCA pET 

Duet 

   

8020 MpeU;F 

(NdeI) 

CTCGCTTACATATGACAGGAATAAATTCTCAAC pET 

Duet  

8020 

MpeU;R(EcoRV) 

AGATATCTTAGTGCTTCATTAGTTGATTCC pET 

Duet  

   

8020 MpeV;F 

(KpnI) 

AAGGTACCAAGGAGACCTGCAATGTCTGATAGCAATC pET 

Duet  

8020 MpeV;R 

(XhoI) 

TTCTCGAGATCTGTTTGCCGGAGTTTTTGAAT pET 

Duet  

   

8020 MpeB ;F  CACCATGCTCGACGCATTCTCCAGGAAGGCC PET 100  

8020 MpeB; R 

(EcoRI) 

ATGAATTCAGATTCAGCTGATTGCGCTGATCACTG PET 100 

8020 MpeA;F CACCATGAAGTCTGTTATCACCACCGTTGTC PET 100 

8020 MpeA;R 

(EcoRI) 

GAGAATTCATATCAACCCAGGGAGTTGATCA PET 100  

8020 MpeC;F CACCATGCTCGGAGCAGAAACAAGCCTGCAA PET 100  

8020 MpeC;R 

(HindIII) 

CTAAGCTTCTAGAAGAAGATTCCAAATGGACGGAA PET 100  
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Table 13: Continued 

8020 MpeU;F CACCATGACAGGAATAAATTCTCAACAAGAAGACATC PET 100  

8020 MpeU;R 

(BamHI) 

TTGGATCCTTAGTGCTTCATTAGTTGATTCCTCGCG PET 100  

8020 MpeV;F CACCATGTCTGATAGCAATCAAATTAAGAATTC PET 100  

8020 MpeV;R 

(HindIII) 

TTAAGCTTTTAATCTGTTTGCCGGAGTTTTTGAAT PET 100  

8020 CpeZ;F 

(NdeI) 

ATATTAGACATATGGATGCATGTGTATCAATGTCTG pCOLA 

Duet 

8020 CpeZ;R 

(BglII) 

AAAGATCTATTAATTGCCAAAAAGGCT pCOLA 

Duet 

   

8020 CpeY;F 

(KpnI) 

AAGGTACCAAGGAGATATAATGCTGATGAAGTCTGCAA pCOLA 

Duet 

8020 CpeY;R 

(XhoI) 

TTCTCGAGTTATGAAGCTAACGCCATGCGAGC pCOLA 

Duet 

8020 PebB;F 

(KpnI) 

AAGGTACCAAGGAGATATAATGACAAATCAAAGA pACYC 

Duet 

8020 PebB;R 

(XhoI) 

TTCTCGAGTTATAGATCAAAAAGCAC pACYC 

Duet 

8020 Pebb; F2 ACAGACGAGGTCCACACCACT pACYC 

Duet 

8020 Pebb; R2 AGTGGTGTGGACCTCGTCTGT pACYC 

Duet 

8020 PebA; F2 CTCAAGGAACTGAATCAACGA pACYC 

Duet 

8020 PebA; R2 TCGTTGATTCAGTTCCTTGAG pACYC 

Duet 

8020 PebA;F 

(NcoI) 

AACCATGGTTGATTCATTTCTCAATGAGCT pACYC 

Duet 

8020 PebA;R 

(EcoRI) 

TTGGAATTCTTATTTGTGAGAGGAGGAGGCGGG pACYC 

Duet 

8020 Peb B;F 

(SacI) 

AGAGCTCAAGGAGATAACAAATGACAAATCAAAGATTC pACYC 

Duet 

8020 Peb B;R 

(PstI) 

AAACTGCAGTTATAGATCAAAAAGCACAGTGTGG pACYC 

Duet 

8020 MpeU-F2 ACTGCACAGCTTTTCAGATAGG pCDF 

Duet 

8020 MpeU-R2 CCTATCTGAAAAGCTGTGCAGT pCDF 

Duet 

8020 MpeV-F2 CAGAGACAACAGAAATGCAGATAG pCDF 

Duet 

8020 mpeV-R2 CTATCTGCATTTCTGTTGTCTCTG pCDF 

Duet 
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Table 13: Continued 

8102 CpeS; F 

(NCoI) 

CTCCATGGGCACAATATTAAAAAGTATG pCDF Duet 

8102 CpeS; R 

(BamHI) 

AAGGATCCTAGGCCTTGACTCGTCTGAC pCDF Duet 

   

8102 CpeT; F 

(NdeI) 

CCTAGAGATACATATGAGAAATTATTCAGCG pCOLA Duet 

8102 CpeT; F 

(ECoRV) 

ACGATATCTCAGGTTTTAAGTTCGAGCC pCDF Duet 

8020 CpeB;F 

(NcoI) 

AAGGATCCGATGCTCGACGCATTCTCACGTTCG pCOLA Duet 

8020 CpeA;R 

(SalI) 

AAAAGTCGACTCAAGAGAGAGCATTGATAACATA pCOLA Duet 

   

8020 

CpeU;F(NdeI) 

AACTGCCCATATGACAGCAACGATTGGACATT pCDF Duet 

8020 

CpeU;R(EcoRV) 

AAGATATCTTATAACCACGTTTCAGGTATG pCDF Duet 

   

8020 CpeT;F 

(KpnI) 

AAGGTACCAAGAGAGTCAAGCATGACTGTGATGGAC pCDF Duet 

8020 CpeT;R 

(XhoI) 

AACTCGAGTTACAAAGGATTGGTCTGAGCGAA pCDF Duet 

8020 MpeB;F 

(BamHI) 

CAGGATCCATGCTCGACGCATTCTCCAGGAAGGC pET Duet 

8020 MpeA;F 

(BamHI) 

CAGGATCCATGAAGTCTGTTATCACCACCGTTG pGEX2T 

8020 MpeA;R 

(EcoRI) 

ATGAATTCTCAACCCAGGGAGTTGATCACGT pGEX2T 

   

8020 CpeA;F 

(BamHI) 

CAGGATCCATGAAGTCCGTCGTGACAACC pGEX2T 

8020 CpeA;R 

(EcoRI) 

ATGAATTCTCAAGAGAGAGCATTGATAA pGEX2T 

   

8020 CpeB;F 

(BamHI) 

CAGGATCCATGCTCGACGCATTCTCACGTTCG pGEX2T 

8020 CpeB;R 

(EcoRI) 

ATGAATTCTCAGGAAATAGCGCCGATGACG pGEX2T 

8102 MpeY;F 

(BamHI) 

CAGGATCCCATGCAGAGCGTTTCGACAACTTGGT pCDF DUET 
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Table 13: Continued 

8102 MpeY;R 

(EcoRI) 

ATGAATTCTAATCATGACAACTGTTTAAGTAC pCDF 

DUET 

   

8020 MpeU;F 

(BamHI) 

AAGGATCCCATGACAGGAATAAATTCTCAACAA pCDF 

DUET 

8020 MpeU;R 

(EcoRI) 

TTGAATTCTTAGTGCTTCATTAGTTGATTCCTC pCDF 

DUET 

   

8102 MpeY;F 

(BamHI) 

AAGGATCCCATGGCAGAGCGTTTCGACAACTTG pCDF 

DUET 

8102 MpeY;R 

(EcoRI) 

TTGAATTCTCATGACAACTGTTTAAGTACCTGC pCDF 

DUET 

8020 MpeA;F 

(EcoRI) 

TCGAATTCATGCTCGACGCATTCTCCA pMAL c4 

8020 MpeA;R 

(BamHI) 

TAGGATCCTCAGCTGATTGCGCTGATCAC pMAL c4 

   

8020 MpeB;F 

(EcoRI) 

TCGAATTCATGCTCGACGCATTCTCCA pMAL c4 

8020 MpeB;R 

(BamHI) 

TAGGACTCCTCAGCTGATTGCGCTGATC pMAL c4 

   

8020 CpeA;F 

(EcoRI) 

AAGAATTCATGAAGTCCGTCGTGACAACCGTC pMAL c4 

8020 CpeA;R 

(BamHI) 

TAGGACTCCTCAAGAGAGAGCATTGATAACATAAT pMAL c4 

   

8020 CpeB;F 

(EcoRI) 

ATGAATTCATGCTCGACGCATTCTCACG pMAL c4 

8020 CpeB;R 

(BamHI) 

ACGGACTCCTCAGGAAATAGCGCCGATGAC pMAL c4 

8020 MpeC; F 

(EcoRI) 

TCGAATTCATGCTCGGAGCAGAAACAAGCCTGCAA pMAL c4 

8020 MpeC;R 

(BamHI) 

TAGGATCCCTAGAAGAAGATTCCAAATGGACGGAA pMAL c4 

   

9311 MpeZ;F 

(EcoRI) 

AAGAATTCGATGAGTGAAAATGATGCTTCTAAG pCDF 

DUET 

9311 MpeZ;R 

(HindIII) 

CCAAGCTTTTAGTGCTGATAATCTAATTGCTGCTT pCDF 

DUET 

9311 MpeZ;F 

(NcoI) 

AACCATGGAGGAAAATGATGCTTCTAAG pCDF 

DUET 
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Table 13: Continued 

8020 MpeV;F 

(BamHI) 

TCGAGCTCGATGTCTGATAGCAATCAA pCDF 

DUET 

   

8020 MpeV;R 

(EcoRI) 

GGGTCGACTTAATCTGTTTGCCGGAG pCDF 

DUET 

   

MalE BamHI AAGGATCCATGAAAATCGAAGAAGGTAAA  

   

8020 MpeB;R 

(EcoRI) 

CCGAATTCGCTGATTGCGCTGATCACTGC  

   

PebS;F (NcoI) TACCATGGGCATGACTAAAAACCCAAGAAATA pACYC 

Duet 

PebS;R (EcoRI) TCCCGAATTCTCATTTGTATGAAAAAAGGAAATC pACYC 

Duet 

8102 

MpeA;F(BamHI) 

AAGGATCCGATGAAGTCCGTCATCACCACCGTC pET DUET 

8102 MpeA;R( 

EcoRI) 

AAGAATTCTCAGCCCAGGGAGTTGATAACGTA pET DUET 

   

8102 MpeU;F 

(BglII) 

AAAGATCTCATGCCCACAGTGCTCCAGGATTTC pCDF Duet 

8102 MpeU;R 

(KpnI) 

AAGGTACCTCACAAATTTCTGCTTAGTATGTT pCDF Duet 

8102 MpeU;F 

(EcoRI)  

AAGAATTCGATGCCCACAGTGCTCCAGGA pCOLA 

Duet 

8102 MpeU;R 

(SalI)  

AAGTCGACTCACAAATTTCTGCTTAGTATGTTGAT pCOLA 

Duet 

RS 9916 MpeY;F 

(BamHI) 

AAGGATCCGGTGGCAGAAAACAGTAAGATGCCAGTG pET Duet 

RS 9916 MpeY;R 

(SalI) 

AAGTCGACTTATGACAAGCCTTTAAGGGCGTGTTCGCA pET Duet 

   

RS 9916 MpeU; F 

(NdeI) 

AGATATACATATGACCGAGCTTTCTGGAAACGCTCCA pCDF Duet 

RS 9916 MpeU; R 

(ECoRV) 

AAGATATCTTATGAATTTATTTCTAGCTGGTTGAGTGC pCDF Duet 

9916 CpeB; 

F(BamHI) 

TCT GGA TCC GAT GCT CGA CGC ATT CTC CCG TTC 

GG 

pET Duet 

9916 CpeB; 

R(SalI) 

TGT GTC GAC TCA GGA GAC GGC TCC GAT CAC GCG pET Duet 
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Table 13: Continued 

9916 CpeS; F(NdeI) TAT CGC TCA TAT GAA TAT TGA GCA ATT TGT TGC pCOLA 

Duet 

9916 CpeS; R(XhoI) TGT CTC GAG TTA TGC GCT GAT TCT TTT GAC C pCOLA 

Duet 

   

9916 CpeU; F (NdeI) TAT CGC TCA TAT GGC TGA TTT CTT CGA GGC C pCOLA 

Duet 

9916 CpeU; R (XhoI) TGT CTC GAG TCA AAC ACG ATT TAG CTC CGG pCOLA 

Duet 

   

9916 CpeT; F (BglII) TCC AGA TCT CAT TAT ACG GTT CGC AAA AAC G pCOLA 

Duet 

9916 CpeT; R (XhoI) TGT CTC GAG TTA AGG ATC TCT ACT AGC CCA TTC pCOLA 

Duet 

PebS; F (EcoRV) TTGATATCAATAAGGAGATATAATGACTAAAAACCCAAG pACYC 

Duet 

PebS; R (XhoI) AACTCGAGTCATTTGTATGAAAAAAGGAAATCG pACYC 

Duet 
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