


Primer Desicn 

PCR primers were designed with National Center for Bioinformatics (NCBI) 

Primer BLAST software and were analyzed using Integrated DNA Technology's (IDT) 

OligoAnalyzer. A closely related species of cyanobacterium, Synechococcus elongatus 

PCC 7942, whose sequence is known, was used as a template. Primers were obtained 

from Eurofins MWG-Operon (Huntsville, AL), and were resuspended in sterile diH20 to 

a final concentration of 100 flM following manufactures recommendations. Primers were 

designed to encompass the entire hypothetical vanillate operon (vanR, vanA, and vanB), 

the size of the amplicons ranging from 300-800 bp. No primer was designed to amplify 

more than 850 bp. Each oligo was designed to be under 30nt in length with melting 

temperatures of the oligos 60°C or above. 

Real Time PCR Primer Design 

Real Time PCR (qPCR) primers were designed using IDT's RealTime Oligo tool, 

as well as Applied Biosystems Primer Express 3.0 software. Oligos were designed to 

have no more than 5 G or C nucleotide residues at the 5' or 3' ends per manufactures 

recommendations. Primers were designed to amplify a short 110 nt region on the 

hypothetical vanA gene. Oligos were ordered using the vanA region sequenced from 

Synechococcus sp. III 625. 

PCR-based assay and Sequencing ofhypothetical Vanillate Operon 

Polymerase Chain Reactions (PCR) were carried out using genomic DNA isolated 

using common lab protocol. The cells were digested with lysozyme (final conc. 2mglml) 

overnight, then separated using Chloroform:Isoamyl Alcohol (24: 1). The aqueous phase 
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was harvested by centrifugation at 16,000 rpm in a microcentrifuge for 10 minutes. The 

DNA was then precipitated with 100% ethanol overnight at -20°C and then digested with 

RNaseA and Proteinase K. The DNA pellet was resupended in 50 ilL of sterile diH20. 

1 ilL of genomic DNA was added to 2X Taq PCR Master Mix (Denville 

Scientific; Denville, NJ). 1 ilL of each primer, forward and reverse were added to a final 

concentration of 1 ~. 2 ilL of DMSO was added to the reaction and the final volume 

was brought up to 25 ilL in sterile diH20 The general run method of reaction was 

activation ofthe Hot Start polymerase at 94°C for 3 minutes, followed by denaturation 

for 30 seconds, lowest Tm ofprimer group for 30 seconds, 72°C for 30 seconds, for 35 

cycles. A final extension step was done at 72°C for 7 minutes. 

PCR products were run on 1 % Agarose Gels in 1 X T AE at 100 volts. The gels 

were visualized using EtBr under high-wavelength UV, and the photograph of the gel 

was taken with a UVP Imager (UVP; Upland, CA). Sequencing of the PCR product was 

conducted at GeneWiz laboratories (South Plainfield, NJ). The sequence assembly was 

conducted using the bioinformatics tool CodonCode (www.codoncode.com). 

Growth ofSvnechococcus su. IV 625 with Vanillate 

50 roM stocks ofvanillate (Sigma) were prepared in sodium hydroxide and sterile 

filtered through a 0.2 !lID filter. Eight sterile flasks were autoclaved and labeled 

accordingly. A stock culture whose OD7sOnm was approximately 0.9 was selected; and 5 

ml was removed and placed into each of the eight flasks. 95 m1 of sterile 3M was 

pipetted into each flask so the final volume was 100 ml. Vanillate was then immediately 

placed into 100 ml ofearly logarithmically growing cells in duplicates of 0.0 roM 
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(control), 0.5 mM, and 1 mM final concentrations. A set of three flasks containing every 

concentration was grown using standard growth conditions; and another set was wrapped 

completely with aluminum foil (in the dark setting) to block out the fluorescent lighting. 

After 26 days, the aluminum foil was removed and the entire remaining volume was spun 

down at 17,500 rpm in a Sorvall RC·5 (Thermo Scientific; Madison, WI), 4°C for 10 

minutes. The supernatant was removed and the cell pellets were washed with 10 ml of 

sterile 3 M. This process was repeated three times, and on the final wash, the resuspended 

cells were transferred to sterile flasks, and 3M media was added up to 100 ml. The cells 

were incubated following typical growth conditions, with samples being taken as stated 

below. 

Sample collection and pre.processing 

Twice a week for 32 consecutive days, aliquots were obtained from each of the 

challenge flasks. 4.5 ml of sample was removed at each collection day; 1.5 ml of each 

sample was placed into three sterile microfuge tubes. Two microfuge tubes were spun 

down at 16,000 rpm in a microfuge (Denville Scientific; Denville, NJ) for ten minutes. 

Once the spin stopped, the supernatant was discarded and the pellets were resuspended in 

500 j.IL of sterile 10% glycerol. Each set of tubes was combined into one tube containing 

1 m1 of resuspended cells in 10% glycerol. The tubes were stored at -80°C until post 

processing. 

1mL of the remaining microfuge tube was removed and placed into a clean plastic 

cuvette. The OD7sonm was taken using an Ultraspec III (pharmacia LKB; Sweden) and 

recorded. 160 ilL was removed from the microfuge tube and placed into another . 
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microfuge tube containing 40 tJL of 5X 12.5% formaldehyde buffered in 150 mM sodium 

phosphate, pH 7.5(5X fixative), for post processing image analysis. The remaining 

aliquot was spun down at 16,000 rpm in a microfuge (Denville Scientific, Denville, NJ) 

for 10 minutes. 2 tJL of supernatant and the concentration ofvanillate in the media was 

measured at OD286nm using a Nanodrop NDlOOO (Thermo Scientific; Madison, WI). 

Sterile diH20 was used as a blank. 

From the 1 ml cuvette, 10 tJL was removed and placed onto both halves ofa 

hemocytometer (Hausser Scientific; Blue Bell, PA). Using the small internal grids of25 

4 by 4 boxes, the cells/ml were calculated using the following formula: 

(Average # Cells per 5 boxes of 4*4) x 25 x 104 =Total Cells/ml 

Total RNA Extraction 

Total RNA was extraction from sample aliquots using the commercially available 

Trizol Max Bacterial RNA Isolation Kit (Invitrogen; Carlsbad, CA.). Procedure was 

followed with the manufacturer's recommendation, modified only during initial 

incubation with lysis reagent. Five minutes are used instead of four to provide additional 

lysing to increase yield. RNA pellets were resupended in 50 tJL of sterile RNase free 

diH20, and stored at -20°C for eDNA synthesis. RNA samples were checked for purity 

and quantity using a Nanodrop NDIOOO (Thermo Scientific; Madison, WI) measuring 

A260/A28o. 

eDNA Synthesis (rtPCR) 

Using 10 tJL ofRNA extracted from samples, cDNA was made using the 

commercially available High Capacity cDNA Reverse Transcription Kit (Applied 
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*Bloc:t 1..*1: til! 1_ or til! ~ 


SEQ 10 0: Caulcilacter (cmt:e1tusl 

SEQ lD 1: Ralstonia (SIllaMCear\!l\ GI'I110(0) 

SEQ 10 2: Rhodoftrax (f~rri~ T118) 

SEQ 10 3: HalOlllQ'la$ (~lCf1iata DSII 2!m) 

SEQ ID 4: FiCir.etobacter (bO(Jl!lant'li i Alec 17978) 

SEQ !D 5; l'Iai'IIlOIIlO!laS (sp. /1IIJYLll 

SEQ 10 6: L~ptottrix (cholOltlii SP-6) 

SEQ 10 7: Azospirilllll (sp. 6510) 

SEQ 10 8: VlII"ilMrAX (PIII"adoXUs EPS) 

SEQ 10 9: Xanthollonll$ (y~sicatori5 ATCC 35937> 

SEQ lD 10: 8r'bd~rIHZ(f.)iu~1 (~p. 81Ai11 

SEQ 10 11: XanthOl!CNs (albll!n~ans GPE PC73) 


SEQ 10 13: Strtp~"1illl (roselII DSII 4))21) 
SEll la 14: ~illl (,I.Ia. IlTtC 13032) 
SEQ 10 15: Klebsiella (pnetJIIIOOiat Stilsp, rhinoscltroMtis Alec 13884) 
SEQ 10 16: Grahllibacter (l:ttII!sdentis CGlIII!U 
SEQ lD 17: ~cus (sp, iiH 8102) 
SEQ 10 18: ~cus (elOl1ati.lS pee 1942) 

10 

!5 

'! 
30: 45 

-il.\ ." 

. 
:I.e jo,..-;,-- 1_-filii 
., 


Ii i

• ! 

. :. : 

-
:-; 

:II:&{ 

'.3• 

Figure 2. POAVIZ ofknoWll VanA with Synechococcus elongatus PCC 7942 (Smooth: 
2) 
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Van operon primer design 

Using the BlastP results from Synechococcus elongatus PCC 7942, a 

comprehensive set ofprimers was designed using PrimerBlast and PCR-based assays 

were carried out. Gel electrophoresis was carried out for the PCR products. Pure PCR 

products were sent out for sequencing. Figures 3 and 4 are representative gel photos from 

the PCR products using designed primers to prime the genomic DNA isolated from S. IU 

625 and primers designed to amplify the hypothetical vanillate region. Figure 5 is a gel 

image showing the amplification size of the primers used for quantitative PCR (qPCR). 

The result indicated that all the designed primers successfully primed the S.IU 625 DNA. 

The amplicons sizes are all close to the expected sizes. 
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Figure 3. Gel image ofpeR products ofOVanR and VanA. The primer name and 
expected amplicon size are listed next to the image. 
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Figure 4. Gel image ofpeR products of OVanR, NVanR, VanB & VanA. The primer 
name and expected amplicon size are listed next to the image. 
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Figure 5. Gel image of PCR products of vanA with qPCR primers. The PCR was 
performed on genomic DNA isolated from S. IV 625. The primer name and expected 
amplicon size are listed in the table to the right of the gel image 
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Vanillate Operon Sequencing 

Based on the above bioinfonnatic analysis, primers were ordered to primer the 

regions of high homology of the Van operon ofCaulobacter crescentus to Synechococcus 

elongatus PCC 7942. For VanA, five sets of primers were ordered. For VanB, two sets 

of primers were ordered. For the region which closely matched the reported VanR from 

Caulobacter crescentus, six sets of primers were ordered. A gene which is in succession 

of the hypothetical vanA and vanB was then sequenced. A total of three sets of primers 

were ordered to sequence this gene. This gene was designated vanR. 

The nucleotide sequence obtained using the primers from Tables 1-4 shows a 

100% homology to a closely related species of cyanobacterium Synechococcus elongatus 

PCC 7942. The hypothetical vanA gene is a 1038 nt long sequence which codes for a 

protein that is 345 a.a. long. Table 1 is a list of the primers used in this study to sequence 

a gene which has homology to C. crescentus vanR, their Tm, and the total expected 

nucleotide size of the amplicon is listed. The obtained sequence is shown in Figure 6. 

Table 2 is a list of primers used in this study to sequence vanA, their Tm, and the total 

expected nucleotide size of the amplicon is listed. The obtained sequence is shown in 

Figure 7. Table 3 is a list of primers used in this study to sequence vanB, their Tm, and 

the total expected nucleotide size of the amplicon is listed. The obtained sequence is 

shown in Figure 8. Table 4 is a list of primers used in this study to sequence vanR, their 

Tm, and the total expected nucleotide size of the amplicon is listed. The obtained 

sequence is shown in Figure 9. 
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Once the hypothetical operon region was sequenced, the orientation and spacing 

of the genes was undertaken. 'This was done using CodonCode alignment software, 

which separated the region into two contigs. The two contigs were the VanR region and 

the VanAB region. There is a 27 nt overlap between vanR and vanA, and a 4 nt gap 

between vanA and vanB. Based on bioinfonnatic analysis the entire proposed operon 

consists of 3526 nt, with three coding domains. The entire region is 100010 homologous 

to Synechococcus e/ongatus PCC 7942. 
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Table 1. Old vanR Primer sets designed in this study. The primers were used to amplify 
and sequence the region of the chromosome which has homology to Caulobacter 
crescentus VanR. 

>Hypothetical Transcriptional Repressor Sequence 51 ~31(606 nt) 
CTAACTGGGATACCAAAACATGCCCTTGATGCCCTCGGGGTCGAGCACAAAGCCAAGACGCCGATAGAAATCAACCAC 
ATGGGGATCGGCAAAGAGGGTGATGTTGGGAATCTCAGCTTGTTGCAGCTGAGCAATCACGTATTCCATCAAAACGCG 
CCCTAAACCCTGTCCTTGGAAGCTGGGGTTGATCACCACATCCCAAATCGTGGCATTGAACGCGTGGTCAGAAGTGGCA 
CGGGCAAAGCCGATCAGCCGCCGCTGTTGAGCCAACTGTTCCCAAAGGGAAACAACTAAAAAGCTGTTGTCGAGGGCA 
CGGCGCACTTTGCGGACGGGACGACGTGACCAACCGACAGCGTCACAGAGGGCTTCTAATTCTTGCAGATCGATGTCG 
CGACGGGTGCTGAGAATGAGACGCTGATTGGCCGCGATCGCGGGGGTGATCTCCACAGCTTGGGGGCCATAGCCTGCC 
AAGGGATCATCTGCAGGAACTGAGCTGGGAGCTGCAACAGGTGTATCTAGCGCAGAGAATAAACTCTTCCAAAACCCC 
ATTCCTGCTGCCACTCGCTTGGGCGCTGTGCCAGTCGTTAGTATATCCTGCAGGCTCAA 

Figure 6. Complete sequence of OVanR similar to vanR in C. crescentus. 
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Table 2. vanA primer sets designed in this study. The primers were used to amplify and 
sequence the region ofthe chromosome which has homology to Caulobacter crescentus 
VanA. 

>Vanillate A complete sequence (1,038 nt) 
CTACTTAGCGGCGGGCACCAGTTCCTGATCGGCTGGCTGAGATTCGGCAATTGCCCAACCGCGATCGCOGGCTTGTCGC 
AGCAAGTTGCGGTAGCCGATTTGTAGGGCATCAGCGGCGACGTOGGTTTCACTGCGATCGTCCAAOGGAATCATCTTGG 
GACGCTOGGTTTCGACGATCCGTTTGTCCTCTTCGATGATTTTGAGACTGCGGCGCACCGTGTCGCCATCCGCCCAAGC 
ACCGGTAAAGAAGGTGCGCACGGTCAGCCAAAAGGTCTTGGTGGTCTCGGCATCGATCGGCAGATTGGCACCGTAGCC 
AATGAAGCGGAAGCCGTTGCCTAAGTCCGTTTCGGTGCGGACGATGCAGGGCATGTAAAOGGTGATTGTGGTGGTGAC 
GGTACGTGGGGCATCGCCACGATTGAACAGCTTCCAAATGCCGCGATAGGCCGATTTGGTGAACTOGGTTTGGGCGCG 
TAGACCGTCTGGAAGTTGTTCGACTTTGTAAGGCTCAATTAATGGATCGGACGCTGCCCCAAACGAACCCGAGTOOGTG 
AAOGGTGCATGGGCGAAATCCATCAGGTTTTCGGTGACGCOGGTGTAGTOGGTGGTGTAGGTCACTTCACCCTGCACG 
GTGCGCCAGGCTGGATCGTCGTATTCCGGCAAGGGCGGCAAOGGTGGACGATCCGCTTCAGGTAGATCGCCGTAGAAC 
AGCCAGACTAGGCCGTAGCGTTCGATCGCATCATAGTGGGGAACTTTGGCTGCAAAOGGAATGCGCTGTTGCTCCGTAT 
TGGCAGGAATTTTGCGGCAGTGCCCTTGGGCGTCGTACTGCCAACCGTGGTACGGACAGACGAGACAGTCATTTTCAAC 
CCAGCCGCCGGAAAGTGCTGCACCCCGATGCACACAGCGATCGCTCAAGGCGTGAATTTGACCCGCACTGTCGCGGTA 
GAGGGCGATCGCTTCACCGCAGAGAGTGACAGACAGGOGGCGATCGCCGACCTTCTGAGCCAGCGCCACGGGATACC 
AGTAGTTCTTGAGAAACAT 

Figure 7. Complete sequence ofvanA. 

22 




Table 3. vanB primer sets designed in this study. The primers were used to amplify and 
sequence the region ofthe chromosome which has homology to Caulobacter crescentus 
VanB. 

>Vanillate B complete sequence (1,005 nt) 
TCAGCCTTGGGCGACGAGGGAGGAATGGTGCTGTTGCCAGAOCTGGCGGTAGTAGAGTTGCAGGCGATCGGAOOCAAC 
CGAAATTTCATTGCGATCGCGCAGAGGAGCAATCCCCTCAATGATCTTTTGATCTTCCTGAAAAAGCTTOOCGGTOCGT 
TTGCGTGTCCCACCATCCGCCCAGCCTGCCGTCAAGAAATTGCGGACATGGAGCCAGTGACTACGGGTCGTTGTOOCCG 
AGATCOOCTGGTGAATACCGACCAAGATCAAATGAAAGTTGCCGAATTCAATATCGATACGAGTGATGTTCGGTAAGT 
GAAAOOCTGCCCCCGATCGCCCTGCCTTGGGGGTTTCTTGCTTOCGTCCTAGCAGGTTGAAGCTGCCACGATAGTTCGC 
CTTCGGCTCGATCGGAATCCAGA~CGAGATCGCTCTTTTCCAACTCAAAATCGGCGATCACTTCATTGCCG 

CTAOCACCAAAGGAATTGGCATOCACGAAGGGTGAATOCGCCACATCCATGCCATTTTCGGTAACGCGACGATAGTCT 
OCCOCCCAATCGAACTGACCTTGAACCACCCGCCAACCGGCTTGGTCATATTCCGGCAGTTCCCACAACOOCGTTTGTG 
CCGCCCGATCOCGATCGCCGGTGAACACCCAAATCAAGCCATAGCGCTCCTGGACAGGATAGCTCGCCACTTTTOCCGC 
TTGGGGAATTCGTOCCGAAGCCTGCTGAGATGOAATCTGAOCGCAATGACCATCGAGATCAAATTGCCAACCGTGATA 
GGGACAGGCAATCGCGTTGCCCTTGACCTGACCOCAGGCTAGCGAAGCCCCACGGTGGGGGCAGCGATCGTCGAGCAC 
CACAACTTGTCCAOCAGTAGTGCGATAGACCACCAGCTGTTGATCGAGTAGCGACGCTGCGATCGGTGTGGAACCCAG 
ATCAGTACTGGCAGCGATCGCGTACCAGTGATTCGGTAGCAGCOCGACGTCTAGATTAGCCAT 

Figure 8. Complete sequence ofvanB. 
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Table 4. vanR primer sets used in this study. The primers were used to amplify and 
sequence the region of the chromosome which contains the potential transcriptional 
repressor VanR. 

>VanR complete sequence (1,239 nt) 
ATGCGGATTGTCATTCTGACGATTGGGACGCGCGGTGACGTCCAACCGTTTATGGCGCTGGGTTTGGGGCTGAAAGCGG 
CGGGCTATGAGGTGGCGATCGCCACGCAAGCCAACTATCAGTCGATGGTGGAAGGGCTGGGGCTGGAGTTTCGGTTGC 
TGGCGGGTGATCCCCAAGGGGTGCAGCAGCAATCAGGCGCTTACTCCAAGGAAACGGTCGCGGCGGCAGCGCAGCTGC 
TAGGCCAGATTCTCAAGGATTCTTGGGCGGCTTGTCAGGATGCGGATGCGATCGTGGCTTCGCCGAATGCGCGGGGTGC 
GACTCATATTGCCGAAGCGCTGAAGATTCCTTGCTTTCTGGGATCGCCCACGCCCTACGGGTTTACCCAAGCCTTTGCG 
AGCCCTTGGTTTCCGCCGAACTTCATGCTGGGAGGTGGCTGGGGCAATTGGCTCAGTCACTATGCCGTCGATAAATTGC 
TCTGGGTGGCGACTCGCAAGACGGTCAACGAGTGGCGCATTTCTGATCTAGGACTGAAGCCCTTGAGTTGGAGCAOTCC 
TTACAAACAGCTGGTGCGCAOAGGGCAAGTCTTCTTGCATCCACTCAGTGAAOTOACCTTGCCOAAACCTGCAGACTGO 
CCAGAGCAAGCOCATCTOACGGGTTATTGGCTOCTACCGGAAOCTOAGGCAACGCTCTCACCCOAACTOGAAGCCTTT 
CTAGCAGCGGOTGAGCCGCCGGTGTTCATTGGCTTTGGCAOCATGGTCGACCAAGAACCGGAGCGOTTOACCOCOATC 
GCAGTCGAAGCGCTOCAOAAAAGTAATCAGCOGGGCATTTTGCTAOCAOGCTGGAGCCOOATCGACCGCTCTCAOCTA 
CCAGACACGGTGTTTCCACTAGAGTCCGCGCCCTTTGGCCTGCTGTTTCCGCOCCTCOCAGCGGCAOTGCATCACGOTG 
GTTGTGGTACCACGOCAGCOAOTTTGCAGGCAGGGTTGCCAACAATCATCACGGCCTACGGCAATGACCAAGCCTTTTO 
GGGCAAGCGOGTCGCAOAACTAGGGGCAGGGCCATCCCCAATTACCCGCOAGGGTTTOACGGCTOAOACTCTGGCOAC 
TGCGATCOCCCAAGCCGTCAGCOATCCGCAAATGCGATCGCGGGCGCAGGCGATCGGGGAACOGCTACOOGCAOAOA 
ATGGGGTTTCTAAAOCAGTOAAACTGCTGGGTGACTACTTAGCGGCGGGCACCAGTTCCTOA 

Figure 9. Complete sequence ofvanR. 
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$ynPCC7942_2034 ATGCGGATTGTCATTCTGACGATTGGGACGCGCGGTGACGTCCAACCGTTTATGGCGCTG &0 

SlUAS-VanR ATGCGGATTGTCATTCTGACGATTGGGACGCGCGGTGACGT«AACCGTTTATGGCGCTG 60 
5ynPCC7942_2034 GGTTTGGGGCTGAAAGCGGCGGGCTATGAGGTGGCGATCGCCACGCMGCCMCTATCAG 120 
SIU6lS - VanR GGTTTGGGGCTGAAAGCGGCGGGCTATGAGGTGGCGATCGCCACGCMGCCMCTATCAG 120 
5ynPCC7942_2034 TCGATGGTGGAAGGGCTGGGGCTGGAGTTTCGGTTGCTGGCGGGTGATCCCCMGGGGTG 180 
SlUAS-VanR TCGATGGTGGAAGGGCTGGGGCTGGAGTTTCGGTTGCTGGCGGGTGATCCCCAAGGGGTG 180 
5ynPCC7942_2034 CAGCAGCAATCAGGCGCTTACTCCAAGGAAACGGTCGCGGCGGCAGCGCAGCTGCTAGGC 240 
SlUAS-VanR CAGCAGCAATCAGGCGCTTACTCCAAGGAAACGGTCGCGGCGGCAGCGCAGCTGCTAGGC 240 
5ynPCC7942_2034 CAGATTCTCMGGATTCTTGGGCGGCTTGTCAGGATGCGGATGCGATCGTGGCTTCGCCG 300 
SlU6ZS - VanR CAGATTCTCMGGATTCTTGGGCGGCTniTCAGGATGQGGATGCGATCGTGGCTTCGCCG 300 
5ynPCC7942_2034 AATGCGCGGGGTGCGACTCATATTGCCGAAGCGCTGAAGATTCCTTGCTTTCTGGGATCG 360 
SIUIlS - VanR AATGCGCGGGGTGCGACTCATATTGCCGAAGCGCTGAAGATTCCTTGCTTTCTGGGATCG 360 
5ynPCC7942_2034 CCCACGCCCTACGGGTTTACCCAAGCCTTTGCGAGCCCTTGGmCCGCCGAACTTCATG 420 
SIUAS-VanR CCCACGCCCTACGGGTTTACCCAAGCCTTTGCGAGCCCTTGGTTTCCGCCGAACTTCATG 420 
5ynPCC7942_2034 CTGGGAGGTGGCTGGGGCMTTGGCTCAGTCACTATGCCGTCGATAAATTGCTCTGGGTG 410 
SlUAS-VanR CTGGGAGGTGGCTGGGGCAATTGGCTCAGTCACTATGCCGTCGATAAATTGCTCTGGGTG 410 
5ynPCC7942_2034 GCGACTCGCAAGACGGTCAACGAGTGGCGCAmCTGATCTAGGACTGAAGCCCTTGAGT S40 
SlURS - VanR GCGACTCGCAAGACGGTCAACGAGTGGCGCAmCTGATCTAGGACTGAAGCCCTTGAGT S40 
5ynPCC7942_2034 TGGAGCAGTCCTTACAAACAGCTGGTGCGCAGAGGGCAAGTCTTCTTGCATCCACTCAGT 600 

SlU6B - VanR TGGAGCAGTCCTTACAAACAGCTGGTGCGCAGAGGGCAAGTCTTCTTGCATCCACTCAGT 600 
5ynPCC7942_2034 GAAGTGACCTTGCCGAAACCTGCAGACTGGCCAGAGCAAGCGCATCTGACGGGTTATTGG 660 
SlURS - VanR GAAGTGACCTTGCCGAAACCTGCAGACTGGCCAGAGCAAGCGCATCTGACGGGTTATTGG 660 
5ynPCC7942_2034 CTGCTACCGGAAGCTGAGGCAACGCTCTCACCCGAACTGGAAGCCTTTCTAGCAGCGGGT 720 
SlURS - VanR CTGCTACCGGAAGCTGAGGCAACG~CACCCGAACTGGAAGCCTTTCTAGCAGCGGGT 720 
5ynPCC7942_2034 GAGCCGCCGGTGTTCATTGGCTTTGGCAGCATGGTCGACCAAGAACCGGAGCGGTTGACC 710 
SIUIB - VanR GAGCCGCCGGTGTTCATTGGCTTTGGCAGCATGGTCGACCAAGAACCGGAGCGGTTGACC 710 
5ynPCC7942_2034 GCGATCGCAGTCGAAGCGCTGCAGAAAAGTAATCAGCGGGGCATTTTGCTAGCAGGCTGG 140 
SIU6B - VanR GCGATCGCAGTCGAAGCGCTGCAGA~~GTAATCAGCGGGGCATTTTGCTAGCAGGCTGG 140 
5ynPCC7942_2034 AGCCGGATCGACCGCTCTCAGCTACCAGACACGGTGTTTCCACTAGAGTCCGCGCCCTTT 900 
SlURS - VanR AGCCGGATCGACCGCTCTCAGCTACCAGACACGGTGTTTCCACTAGAGTCCGCGCCCTTT 900 
5ynPCC7942_2034 GGCCTGCTGTTTCCGCGCCTCGCAGCGGCAGTGCATCACGGTGGTTGTGGTACCACGGCA 960 
SIU6ZS - VanR GGCCTGCTGTTTCCGCGCCTCGCAGCGGCAGTGCATCACGGTGGTTGTGGTACCACGGCA 960 
5ynPCC7942_2034 GCGAGTTTGCAGGCAGGGTTGCCMCAATCATCACGGCCTACGGCAATGACCAAGCCTTT 1020 
Slum - VanR GCGAGmGCAGGCAGGGTTGCCAACAATCATCACGGCCTACGGCMTGACCAAGCCTTT 1020 
5ynPCC7942_2034 TGGGGCAAGCGGGTCGCAGAACTAGGGGCAGGGCCATCCCCAATTACCCGCGAGGGTTTG 1010 
SIUIZS - VanR TGGGGCAAGCGGGTCGCAGAACTAGGGGCAGGGCCATCCCCAATTACCCGCGAGGGmG 1010 
5ynPCC7942_2034 ACGGCTGAGACTCTGGCGACTGCGATCGCCCAAGCCGTCAGCGATCCGCAAATGCGATCG 1140 
Slum - VanR ACGGCTGAGACTCTGGCGACTGCGATCGCCCAAGCCGTCAGCGATCCGCAAATGCGATCG 1140 
5ynPCC7942_2034 CGGGCGCAGGCGATCGGGGAACGGCTACGGGCAGAGAATGGGGTTTCTAAAGCAGTGAAA 1200 
SlURS - VanR CGGGCGCAGGCGATCGGGGAACGGCTACGGGCAGAGAATGGGGTTTCTAAAGCAGTGAAA 1200 
5ynPCC7942_2034 CTGCTGGGTGACTACTTAGCGGCGGGCACCAGTTCCTGA 1239 
SIU6ZS - VanR CTGCTGGGTGACTACTTAGCGGCGGGCACCAGTTCCTGA 1239 
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SynPCC794Z_Z03S CTACTTAGCGGCGGGCACCAGTTCCfGATCGGCTGGCTGAGATTCGGCAATTGCCCAACC &0 

SIUUS-VIInA CTACTTAGCGGCGGGCACCAGTTCTGATCGGCTGGCTGAGATTCGGCMTTGCCCMCC &0 


SIUUS-VIInA GCGATCGCTCAAGGCGTGAATITGACCCGCACTGTCGCGGTAGAGGGCGATCGCTTCACC 9&0 


SynPCC794Z_Z035 GCGATCGCGGGCTTGTCGCAGCAAGTTGC6GTAGCCGATITGrAGGGCATCAGCGGCGAC 120 

SIURS-V.nA GCGATCGCGGGCTTGTCGCAGCAAGTTGCGGTAGCCGATITGTAGGGCATCAGCGGCGAC 120 

SynPCC794Z_2035 GTGGGTlTCACTGCGATCGTCCAAGGGMTCATCTTGGGACGCTGGGmCGACGATCCG 110 

SlUIH - VIIn A GTGGGTTTCACTGCGATCGTCCAAGGGAATCATCTTGGGACGCTGGGTTTCGACGATCCG 110 

SynPCC7942_2035 TITGTCCTCTTCGATGATTITGAGACTGCGGCGCACCGTGTCGCCATCCGCCCAAGCACC 240 

SIUAS-V.nA TITGTCCTCTTCGATGATTTTGAGACTCiCGGCGCACCGTGTCGCCATCCGCCCAAGCACC 240 

SynPCC7942_2035 GGTAAAGAAGGTGCGCACGGTCAGCCAAAAGGTCnGGTGGTCTCGGCATCGATCGGCAG 300 

SIUOS-V.nA GGTAAAGAAGGTGCGCACGGTCAGCCAAAAGGTCTTGGTCTCGGCATCGATCGGCAG 300 

SynPCC7942_2035 ATTGGCACCGTAGCCAATGAAGCGGAAGCCGTTGCCTAAGTCCGTTTCGGTGCGGACGAT 3&0 

SIUAS-V.nA ATTGGCACCGTAGCCAATGAAGCGGAAGCCGTTGCCTAAGTCCGmCGGTGCGGACGAT 3&0 

SynPCC7942_2035 GCAGGGCATGTAAAGGGTGATTGTGGlGGTGACGGTACGTGGGGCATCGCCACGATTGAA 420 

SIUUS-V.nA GCAGGGCATGTAAAGGGTGATTGTGGTGGTGACGGTACGTGGGGCATCGCCACGATTGAA 420 

SynPCC7942_2035 CAGCTTCCAAATGCCCiCGATAGCiCCGATITGGTGAACTGGGTITGGGCGCGTAGACCGTC 410 

SII"U-V.nA CAGCTTCCAAATGCCGCGATAGGCCGAmGGTGAACTGGGmGGGCGCGTAGACCGTC 410 

SynPCC7!M2_2035 TGGAAGTTGTTCGACTTTGTAAGGCTCAATTAATGGATCGGACGCTGCCCCAAACC 540 

SlUAS-V.nA TGGAAGTTGTTCGACTITGTAAGGCTCAATTAATGGATCGGACGCTGCCCCAAACGAACC 540 

SynPCC7942_2035 CGAGTGGGTGAAGGGTGCATGGGCGAAATCCATCAGGTTTTCGGTGACGCGGGTGTAGTG 600 

SIUAS-V.nA CGAGTGGGTGAAGGGTGCATGGGCGAAATCCATCAGGTTTTCGGTGACGCGGGTGTAGTG 600 

SynPCC794Z_Z03S GGTGGTGTAGGTCACTTCACCCTGCACGGTGCGCCAIiGCTGGATCGTCGTATTCCGGCAA 6iO 

SIUOS-V.nA GGTGGTGTAGGTCACTTCACCCTGCACGGTGCGCCAGGCTGGATCGTCGTATTCCGGCAA 6iO 

SynPCC794Z_Z035 GGGCGGCAAGGGTGGACGATCCCiCTTCAGGTAGATCGCCGTAGAACAGCCAGACTAGGCC 720 

SIUUS-VIInA GGGCGGCAAGGGTGGACGATCCGClTCAGGTAGATCGCCGTAGMCACiCCAGACTAGGCC 720 

SynPCC7942_2035 GTAGCGTTCGATCGCATCATAGTGGGGAACTTTCiGCTGCAAAGGGAATGCGCTGTTGCTC 710 

SlUAS-V.nA GTAGCGTTCGATCGCATCATAGtGGGGAACTTTGGCTGCAAAGGGAATGCGCTGTTGCTC 710 

SynPCC7942_2035 CGTATTGGCAGGAATTTTGCGGCAGTGCCCTTGGGCGTCGTACTGCCAACCGTGGTACGG 140 

SIUlU - V.n A CGTATTGGCAGGAATTTTGCGGCAGTGCCCTTGGCiCGTCGTACTGCCAACCGTGGTACGG 140 

SynPCC7942_2035 ACAGACGAGACAGTCATITTCAACCCAGCCCiCCGGAAAGTGCTGCACCCCGATGCACACA 900 

SIUm-VIInA ACAGACGAGACAGTCATTTTCAACCCAGCCGCCGGAAAGTGCTGCACCCCGATGCACACA 900 

SynPCC7942_2035 GCGATCGCTCAAGGCGTGAATITGACCCGCACTGTCGCGGTAGAGGGCGATCGCTTCACC 960 


SynPCC794Z_2035 GCAGAGAGTGACAGACAGGGGGCGATCGCCGACCTTCTGAGCCAGCGCCACGGGATACCA 10Z0 

SIUm-VIInA GCAGAGAGTGACAGACAGGGGGCGATCGCCGACCTTCTGAGCCAGCGCCACGGGATACCA 1020 

SynPCC794Z_2035 GTAGTTCTTGAGMACAT 1038 

SIUUS-VIInA GTAGTTCTTGAGMACAT 1038 
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SynPCC7942_2036 
SlUm·Vlnl 
SynPCC7942_2036 
SIUIU • Vlnl 
SynPCC7942_2036 
SlUm·Vlnl 
SynPCC7942_2036 
SlUGS • Vlnl 
SynPCC7942_2036 
SlUm·Vlnl 
SynPCC7942_2036 
Slum·Vanl 
SynPCC7942_2036 
SIUI2S - Vanl 
SynPCC7942_2036 
Sium-Vani 
SynPCC7942_2036 
SlUGS - Vanl 
SynPCC7942_2036 
SlURS· Vanl 
SynPCC7942_2036 
SIUIU· Vlnl 
SynflCC7942_2036 
SIUIU - Viol 
SynPCC7942_2036 
Sium-Vani 
SynPCC7942_2036 
Sium-Vani 
SynPCC7942_2036 
Slum·Vanl 
SynPCC7942_2036 
Slum· Vlnl 
SynPCC7942_2036 
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TCAGCCTTGGGCGACGAGGGAGGAATGGTGCTGTTGCCAGAGGGCGGTAGTAGAGTTG 10 
TCAGCCTTGGGCGACGAGGGAGGAATGGTGCTGTTGCCAGAGCTGGCGGTAGTAGAGTTG &0 
CAGGCGATCGGAGGCAACCGMAmCATTGCGATCGCGCAGAGGAGCAATCCCCTCAAT 120 
CAGGCGATCGGACiGCAACCGAAAnTCATTGCGATCGCGCAGAGGAGCAATCCCCTCAAT 120 
GATCTTT1'GATCTrCCTGAAAAAGCTTGGCGGTGCGmGCGTGTtCCACCATCCGCCCA 110 
GATCTTTTGATCTrCC'fGAAAAAGCTTGGCGGTGCGTTTGCGniTCCCACCATCCGCCCA 1.0 
GCCTGCCGTCAAGAAATTGCGiGACATGGAGCCAGTGACTACGGGTCGTTGTGGCCGAGAT 240 
GCCTGCCGTCAAGAAATTGCGGACATGGAGCCAGTGACTACGGGTCGTTGTGGCCGAGAT 240 
CGGCTGGTGAATACCGACCAAGATCAAATGAAAGTTGCCGAAlTCAATATCGATACGAGT 300 
CGGCTGGTGAATACCGACCAAGATCAAATGAAAGTTGCCGAATTCAATATCGATACGAGT 300 
GATGTTCGGTAAGTGAAAGGCTGCCCCCGATCGCCCTGCCTTGGGGG IIICTTGCTTGCG 3&0 
GATGTTCGGTAAGTGAAAGGCTGCCCCCGATCGCCCTGCCTTGGGGGTTTCTTGCTTGCG 3&0 
TCCTAGCAGGTTGAAGCTGCCACGATAGTTCGCCTTCGGCTCGATCGGAATCCAGAmG 420 
TCCTAGCAGGTTGAAGCTGCCACGATAGTTCGCCTTCGGCTCGATCGGAATCCAGAmG 420 
GGCGCCGAGATCGCTCTTTTCCAACTeAAAATCGGCGATCACTTCATTGCCGCTAGCACC 410 
GGCGCCGAGATCGCTCTTTTCCAACTCAAAATCGGCGATCACTTCATTGCCGCTAGCACC 410 
AAAGGAATTGGCATGCACGAAGGGTGAATGCGCCACATCCATGCCATTTTCGGTAACGCG S40 
AAAGGAATTGGCATGCACGAAGGGTGAATGCGCCACATCCATGCCATTTTCGGTAACGCG 540 
ACGATAGTCTGCCGCCCAATCGAACTGACCTTGAACCACCCGCCAACCGGCTTGGTCATA fiOO 
ACGATAGTCTGCCGCCCAATCGAACTGACCTTGAACCACCCGCCAACCGGCTTGGTCATA fiOO 
TTCCGGCAGTTCCCACAACGGCGT1TGTGCCGCCCGATCGCGATCGCCGGTGAACACCCA 6fiO 
TTCCGGCAGTTCCCACAACGCiCGIIIGTGCCGCCCGATCGCGATCGCCGGTGAACACCCA 6fiO 
AATCAAGCCATAGCGCTCCTGGACAGGATAGCTCGCCACTTTTGCCGCTTGGGGAATTCG 720 
AATCAAGCCATAGCGCTCCTGGACAGGATAGCTCGCCACTTTTGCCGCTTGGGGAATTCG 720 
TGCCGAAGCCTGCTGAGATGGAATCTGAGCGCAATGACCATCGAGATCAAATTGCCAACC 710 
TGCCGAAGCCTGCTGAGATGGAATCTGAGCGCAATGACCATCGAGATCAAATTGCCAACC 710 
GTGATAGGGACAGGCAATCGCGTTGCCCTTGACCTGACCGCAGGCTA6CGAAGCCCCACG 140 
GT6ATAGGGACAGGCAATCGCGTTGCCCTTGACCTGACCGCAGGCTAGCGAAGCCCCACG 140 
GTGGGGGCAGCGATCGTC6AGCACCACAACTTGTCCAGCAGTAGTGCGATAGACCACCAG 900 
GTGGGGGCAGCGATCGTCGAGCACCACAACTTGTCCAGCAGTAGTGCGATAGACCACCAG 900 
CTGTTGATCGAGTA6CGACGCTGCGATCGGTGTGGAACCCAGATCAGTACTGGCAGCGAT 9SO 
CTGTTGATCGAGTAGCGACGCTGCGATCGGTGTGGAACCCAGATCAGTACTGGCAGCGAT 9SO 
CGCGTACCAGT6ATTCGGTA6CAGCGCGACGTCTAGATTAGCCAT lOOS 
CGCGTACCAGTGATTCGGTAGCAGCGCGACGTCTAGATTAGCCAT 1005 

Figure 10. Blast2 alignments ofvanR, vanA, and vanB between S. IU 625 and S. 
elongatus PCC 7942. Using the sequence obtained from S. IU 625 to the genome of 
Synechococcus elongatus PCC 7942 to show homology. 
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Sequence analysis 

Thirty-two sequences were obtained from sequencing the PCR products and were 

aligned using CodonCode software. Once the sequences were aligned based on 

homology, and contigs generated, sequences were compared to Synechococcus elongatus 

PCC 7942. Figure 10 shows the Blast2 alignment between the novel vanR, vanA, and 

vanB sequences from S. IV 625 and the corresponding region in S. elongatus PCC. The 

hypothetical VanA was then compared to several species whose VanA protein is 

sequenced and function is known. Figure 11 shows the visualized alignment result 

(pOAVIZ) with Partial Order Alignment (POA). Once the sequence was obtained, a 

proposed operon was then created. Figure 13 shows the primer map with relative 

position based on the region primed. 

Figure 12 shows the proposed vanillate operon based on bioinformatic analysis 

and the sequence data obtained from the sequencing reactions. The size and orientation 

ofthe vanillate response genes are shown compared to Synechococcus elongatus PCC 

7942 and Caulobacter crescentus. The vanillate operon consists of three genes: vanR.. a 

transcriptional repressor, tasked with inhibiting the expression ofvanA and vanB. VanA 

is the alpha subunit of the VaniHate degradation complex. VanB is the beta subunit of 

the Vanillate degradation complex. VanA and VanB together form a holoenzyme 

capable of utilizing vanillate for carbon. In Caulobacter crescentus, VanA is a terminal 

oxygenase and VanB is a ferredoxin-like reductase. vanA-vanB are typically transcribed 

together. 
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* Block Label: the lentth of the ~ 
SEQ ID 0: Caulobacter (Crescentus) 
SEQ ID 1: Haloooonas (elongata DSM 2581) 
SEQ ID 2: Roseobacter (denitr1ficans DCh 114) 
SEQ ID 3: S~nechococcous (sp. IU 62~) 
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Figure 11. POAVIZ results ofvanA sequence obtained from S. IV 625 and another 3 
species of bacteria. (Smooth: 3) 

lw;~;m crescentus NA 1000 

732nt (244 a.a.) 1077nt (358 a.a.) 9S1nt (316 a.a.) 

sp. PCC 7942 

1239nt (413 a.a.) 1038nt (345 a.a.) l005nt (334 a.a.) 

sp. IU 625 

1239nt (413 a.a.) l038nt (345 a.a.) l00snt (334 a.a.) 

Figure 12. Proposed Van operon. 

29 



