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for sequencing, which confirmed that the LOV -HK and RR genes had been successfully ligated 

into their respective vectors. 

Once the presence of the LOV-HK gene as confirmed, the DNA was doubly-digested and 

the gene ligated into a pET-20b(+) vector for expression. E. coli was transformed with the 

ligated pET -20b( +) vector and the cells grown on LB agar supplemented with carbenicillin for 

selection. Colonies were chosen and grown in 4.£ LB+cb for 48hr, with IPTG added after 24hr to 

induce. The cells were centrifuged, lysed, and then ultracentrifuged to yield a supernatant 

containing the LOV -HK, which was then dialyzed against 50mM phosphate, 400mM NaCl, 20% 

glycerol (w/v), pH 7.4, before loading onto a nickel chelating column. The column was washed 

with a succession of 50mM, 200mM, and 500mM imidazole, with SDS-PAGE showing that a 

majority of the LOV-HK was in the 200mM fraction, with some in the 500mM fraction. The 

two fractions were pooled and loaded onto a gel filtration column and the protein eluted using 

50mM Tris, 200mM NaCI, 20% glycerol (w/v), pH 7.4. Fractions were measured using 

absorption spectroscopy and the absorbance at 450nm used to determine the presence of the 

LOV -HK and those fractions containing the LOV -HK were pooled, dialyzed, and concentrated. 

Tandem mass spectrometry following tryptic digest confirmed that the LOV -HK was 

successfully expressed. 

The expression and purification described above were repeated for the RR, with the 

exception that fractions from the gel filtration column were run on an SDS-PAGE gel to 

determine which contained the RR. Tandem mass spectrometry identified all but the N-terminal 

methionine and 14 C-terminal amino acids, but subsequent MALDI-TOF analysis showed that 

the peptide had a mass of 14149.44kDa, 35.44kDa less than the-theoretical mass of His-tagged 

RR, which may indicate that the N-terminal methionine had been cleaved. 
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The photorecovery of R. centenum LOV -HK was measured for the first time both by 

itself and with its putative response regulator. Both had similar rate constants (4.13 x 10-4 
S-1 

alone, 4.13xlO-4 
S-1 with RR) and half-lives of28.0min and 27.7min, respectively. Although this 

does not conclusively show that there is an interaction between LOV -HK and RR, these rates of 

photo recovery are consistent with previously studied LOV -HK proteins, such as those from P. 

syringae and E. litoralis. 

Further studies of this protein are necessary to fully characterize it. It would be 

interesting to express a truncated LOV -HK, with only the LOV domain, to see ifthere are 

differences in photorecovery and/or protein stability between the full protein and its photo active 

receptor domain alone. 
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FIGURES 

Figure 1 - Histidine kinase signal transduction pathway 

HK 

Gene regulation 

Schematic of bacterial histidine kinase two-component signal transduction pathway: 

From Sourjik and Armitage (2010).Histidine kinaseis composed ofa sensory domain (blue) and 

a kinase domain (red). Upon receiving sensory input, a conserved histidine residue undergoes 

ATP-dependent autophosphorylation and subsequently donates its phosphate group to an 

aspartate residue on the receiving domain of the response regulator (purple). The output domain 

(green) can then go on to affect gene expression. Although not shown, histidine kinase and the 

activated response regulator typically form dimers?2 
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Figure 2 - Crystal structure of Avena sativaphototropin 1 LOV2 domain 

Phototropin 1 LOV2 domain (residues 404-546) of the common oat Avena sativa,PDB 

accession no. 2VOW: Adapted from Halavaty and Moffat (2007). When the LOV domain is 

illuminated, its cofactor FMN and a nearby Cys450 residue (stick representation) form an adduct 

(green dashed line) which then thermally breaks down.Upon formation of the covalent bond, 

FMN becomes non-planar, and to accommodate, hydrogen bonds within the FMN binding 

pocket are rearranged. Although locally the changes are minimal, they are enough to propagate a 

signal to both the C- and N-terminal flanking regions. 10 The Ja-helix similar to that described in 

[fig. 3] is located at the C-terminal end. 
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Figure 3 - Crystal structure of dark-state Bacillus subtilisYtvA-LOV 

Dimer of LOV domain and Ja-helix linker domain (residues 20-147) ofYtvA from the 

Gram-negative bacterium Bacillus subtilis, PDB accession no. 2PR5: Adapted from Moglich 

and Moffat (2007). The cofactor FMN is represented using a space-filling model. The C­

terminal residues 127-147 make up the Ja-helix, which unfolds upon blue-light illumination of 

FMN and is thought to facilitate signal propagation, though it may not be required in order for 

related proteins to function. 
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Fig. 4a -SDS-PAGE ofR. centenum RR Fig.4b - SDS-PAGE ofR. centenum LOV-HK 
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SDS-PAGE run of affinity chromatography fractions of R. centenum RR and LOV-HK: 

Fractions eluted off the nickel affinity column were run on a 4-20% gradient gel.Lanes 

correspond to the following elutions: A) 50mM imidazole, B) 200mM imidazole, C) 500mM 

imidazole. Arrows indicate the location of the RR (14.3kDa) and LOV-HK (40.5kDa). 

i 
J 
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Figure 5 - Tryptic digest and tandem mass spectrometry results 

Purified LOV-HK 
gil99999999 (100%), 39,390.9 Da 
LOV Kinase [Rhodospirillum centenum] 
86 unique peptides, 112 unique spectra, 815 total spectra, 303/368 amino acids (82% coverage) 

MRERE LLAVID PISIAVADARRPDTPLIYVNRIFQTLTGYDRAEVMGRN RFLHGPG 
TDDAAVGVLHEAIRTGSRAD VRLLNYRKDGSTFLNHLVLAPIHDETGTLSAYIGLQSDVT 
DEARREEIDR QRQR GVAHEINNLLQPVTLLTEEL RRQRSTADTACLHTIL 
o LSARRIIGDLLAFSRPGGRETEVVDAAALLRDALVLVRKAVGPGILIRFDDGGGTAD 
IHADRTAFIQ VLLNLANNAA AAMGGEGTID VTLSVGPAPR GAGGQVRIAVADTG G DGA 
LLERAFEPFFTTKPVGQGTGLGLSVAFGLVKE GGEIILESTPDRGTTAIVLLPAVQGKL 
EDGHDSRR 

RR eluted from nickel affinity column at 50mM imidazole 
gi1209963692 (100%), 13,180.1 Da 
response regulator receiver domain protein REC [Rhodospirillum centenum SW] 
31 unique peptides, 35 unique spectra, 150 total spectra, 96/125 amino acids (77% coverage) 

MATILVVEDV PSVMLS LRIVLEG GHTVVGAANAEEGLGRLRQGGIDLVVTDIW PGQPG 
TAVISEGRRLAPGTRFLAITGGAPNGSFTAEDLR GTDFGADQVLYKPFQRAELIQAVS 
HLLPA 

RR eiuted from nickel affinity column at 200mM imidazole 
gil209963692 (100%), 13,180.1 Da 
response regulator receiver domain protein REC [Rhodospirillum centenum SW] 
41 unique peptides, 47 unique spectra, 223 total spectra, 1111125 amino acids (89% coverage) 

MATILVVEDVPSVMLSLRIVLEG GHTVVGAANAEEGLGRL GGIDLVVTDIW PGQPG 
TAVISEGRRLAPGTRFLAITGGAPNGSFTAEDLRR GTDFGADQVLYKPFQRAELIQAVS 
HLLPA 

Tryptic digest followed by tandem mass spectrometry on protein samples taken following 

Ni-affinity chromatography: Yellow indicates identified peptides and green indicates 

modifications on the amino acids. There was 82% coverage of the LOV-HK sample; the RR 

samples had a similar amount of coverage, at 77% (for 50mM imidazole fraction) and 89% 

(200mM imidazole), but because the 14 N-terminal amino acids were not identified in either RR 

sample, additional MALDI-TOF analysis was performed to confirm that the intact protein was 

present [Appendix C}. 



, 
·1 

Figure 6 - Dark-state spectrum of R. centenum LOV-HK 
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Dark-state spectrum (300-S20nm) of R. centenum LOV -HK: Taken following 24hr of 

incubation in the dark. The absorption spectrum displays peaks at 370nm and 450nm 

characteristic of LOV-HK proteins. Additional bands at 428nm and 476nm are the result of the 

strong interaction between FMN and the LOV domain, and are not found in the absorption 

spectrum of free FMN. 19 



Figure 7 - Difference spectrum of R. centenum LOV-HK 
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Light minus dark -Difference spectrum of R. centenum LOV-HK after bleaching and 

during photorecovery: Spectra were normalized at 520nm and the dark-state spectrum 

subtracted from each. Following 30sec exposure to K-2 filtered light, a light-state spectrum was 

taken (red) and the photorecovery observed over 50min. Shown are the difference spectra at 

20min (green) and 40min (blue) after light exposure. LOV-HK bleached by 32.7% at 450nm 

and 36.3% at 476nm. 



Figure 8 - Photorecovery of R. centenum LOV-HK 
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3500 -woo 

Photorecovery of LOV -HK at 450nm following 30-second exposure to K2-filtered light: 

Data was recorded up to 4000s and fit with a single exponential with floating baseline using 

Sigmaplot 11.0. The rate of recovery obtained was 4.13 x 10-4 S-l and the bleach amplitude was 

~35%. 
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Figure 9 - Photorecovery of R. centenum LOV-HK with RR 
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Photorecovery of LOV -HK at 4S0nm with RR following 30-second exposure to K2-filtered 

white light: LOV -HK was mixed 1: 1 with RR and the photorecovery following bleaching 

monitored. Data was recorded up to 4000s and fit with a single exponential with floating 

baseline using Sigmaplot 11.0. The rate of recovery obtained was 4.1686 x 10-4 
S-l . 
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APPENDICES 

Appendix A: Apoprotein amino acid sequences and theoretical masses 

LOV-HK (39.390kDa) 
MREREMLLAVIDACPISIAVADARRPDTPLIYVNRIFQTLTGYDRAEVMGRNCRFLHGPGTDDA 
AVGVLHEAIRTGSRADVRLLNYRKDGSTFLNHLVLAPIHDETGTLSAYIGLQSDVTDEARREEI 
DRQRQRVEALGRMMGGVAHEINNLLQPVTLLTEELMRRQRSTADTACLHTILDCALSARRIIGD 
LLAFSRPGGRETEVVDAAALLRDALVLVRKAVGPGILIRFDDGGGTADIHADRTAFIQVLLNLA 
NNAAAAMGGEGTIDVTLSVGPAPRGAGGQVRIAVADTGCGMDGALLERAFEPFFTTKPVGQGTG 
LGLSVAFGLVKEMGGEIILESTPDRGTTAIVLLPAVQGKLEDGHDSRR 

RR (13.180kDa) 
MAT ILVVEDVPSVMLSLRIVLEGCGHTVVGAANAEEGLGRLRQGGIDLVVTDIWMPGQPGTAVI 
SEGRRLAPGTRFLAITGGAPNGSFTAEDLRREGTDFGADQVLYKPFQRAELIQAVSHLLPA 

His-tagged LOV-HK (40.455kDa) 
MREREMLLAVIDACPISIAVADARRPDTPLIYVNRIFQTLTGYDRAEVMGRNCRFLHGPGTDDA 
AVGVLHEAIRTGSRADVRLLNYRKDGSTFLNHLVLAPIHDETGTLSAYIGLQSDVTDEARREEI 
DRQRQRVEALGRMMGGVAHEINNLLQPVTLLTEELMRRQRSTADTACLHTILDCALSARRIIGD 
LLAFSRPGGRETEVVDAAALLRDALVLVRKAVGPGILIRFDDGGGTADIHADRTAFIQVLLNLA 
NNAAAAMGGEGTIDVTLSVGPAPRGAGGQVRIAVADTGCGMDGALLERAFEPFFTTKPVGQGTG 
LGLSVAFGLVKEMGGEIILESTPDRGTTAIVLLPAVQGKLEDGHDSRRLEHHHHHH 

His-tagged RR (14.24SkDa) 
MAT ILVVEDVPSVMLSLRIVLEGCGHTVVGAANAEEGLGRLRQGGIDLVVTDIWMPGQPGTAVI 
SEGRRLAPGTRFLAITGGAPNGSFTAEDLRREGTDFGADQVLYKPFQRAELIQAVSHLLPALEH 
HHHHH 



Appendix B: Primers to introduce NdeI and XhoI restriction sites 

LO V -HK forward primer (N del) 
5'-ATATAGGACATATGCGGGAGCGGGAGATGC-3' 

LOV -HK reverse primer (Xhol) 
5'-ATATACTCGAGACGACGAGAATCGTGGCCATCT-3' 

RR forward primer (N del) 
5'-ATATAGGACATATGGCCACGATTCTCG-3' 

RR reverse primer (Xhol) 
5'-ATATACTCGAGGGCCGGCAGCAGG-3' 
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Appendix C: Response regulator MALDI-TOF data 

LOVRR - LP _ProtMix 

File Name D:IDI\TAIFacilityI110314\lOVRRIO_M24\1 
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