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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 (4.13x 10% s
alone, 4.13x10™* s with RR) and half-lives of 28.0min and 27.7min, respectively. Although this
does not conclusively show that there is an interaction between LOV-HK and RR, these rates of
photorecovery 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 if there are
differences in photorecovery and/or protein stability between the full protein and its photoactive

receptor domain alone.



Olson 17

REFERENCES

! Pirrung MC. (1999). “Histidine kinases and two-component signal transduction systems.”
Chem Biol, 6: pp.R167-R175.

2 Inouye M. (2003). “Histidine kinases: introductory remarks.” Histidine Kinases in Signal
Transduction, Elsevier.

3 Mizuno T. (2004). “Plant response regulators implicated in signal transduction and circadian
thythm.” Curr Opin Plant Biol, T: pp.499-505.

% Grebe TW, Stock JB. (1999). “The histidine protein kinase superfamily.” A4dv Microb Physiol,
41: pp.139-227.

3 Stock JB, Ninfa AJ, Stock AM. (1989). “Protein phosphorylation and regulation of adaptive
responses in bacteria.” Microbiol Rev, 53(4): pp.450-490.

6 West AH, Stock AM. (2001). “Histidine kinases and response regulator proteins in two-
component signaling systems.” Trends Biochem Sci, 26(6): pp.369-376.

7 Moglich A, Ayers RA, Moffat K. (2009). “Design and signaling mechanism of light-regulated
histidine kinases.” J Mol Biol, 385: pp.1433-1444.

¥ Moglich A, Moffat K. (2007). “Structural basis for light-dependent signaling in the dimeric
LOV domain of the photosensor YtvA.” J Mol Biol, 373: pp.112-126.

? Zoltowski BD, Vaccaro B, Crane BR. (2009). “Mechanism-based tuning of a LOV domain
photoreceptor.” Nat Chem Biol, 5(11): pp.827-834.

Halavaty AS, Moffat K. (2007). “N- and C-Terminal Flanking Regions Modulate Light-
Induced Signal Transduction in the LOV2 Domain of the Blue Light Sensor Phototropin 1
from Avena sativa.” Biochemistry, 46: pp.14001-14009.

"Losi A. (2004). “The bacterial counterparts of plant phototropins.” Photochem Photobiol Sci,
3: pp.566-574.

12Cao 7, Buttani V, Losi A, Gértner W. (2008). “A blue light inducible two-component signal
transduction system in the plant pathogen Pseudomonas syringae pv tomato.” Biophys J,
94(3): pp.897-905.

BYamada S, Akiyama S, Sugimoto H, Kumita H, Ito K, Fujisawa T, Nakamura H, Shiro Y.
(2006). “The signaling pathway in histidine kinase and the response regulator complex
revealed by x-ray crystallography and solution scattering.” J Mol Biol, 362: pp.123-139.

Swartz TE, Tseng T-S, Frederickson MA, Paris G, Comerci DJ, Rajashekara G, Kim J-G,
Mudgett MB, Splitter GA, Ugalde RA, Goldbaum FA, Briggs WR, Bogomolni RA. (2007).
“Blue-light-activated histidine kinases: two-component sensors in bacteria.”Science, 317:
pp-1090-1093.



Olson 18

SRambow-Larsen AA, Petersen EM, Gourley CR, Splitter GA. (2009). “Brucella regulators:
self-control in a hostile environment.” Trends Microbiol, 17: 371-377.

"$Marina A, Waldburger CD, Hendrickson WA. (2005). “Structure of the entire cytoplasmic
portion of a sensor histidine-kinase protein.” EMBO J, 24(24): pp.4247-4259.

""Miiller-Dieckmann HJ, Grantz AA, Kim SH. (1999). “The structure of the signal receiver
domain of the Arabidopsis thaliana ethylene receptor ETR1.” Structure, 7(12): pp.1547-
1556.

85014 M, Gomis-Riith FX, Serrano L, Gonzalez A, Coll M. (1999). “Three-dimensional crystal
structure of the transcription factor PhoB receiver domain.” J Mol Biol, 285(2): pp.675-687.

P Tseng T-S, Frederickson MA, Briggs WR, Bogomolni RA. (2010). “Light-activated bacterial
LOV-domain histidine kinases.” Method Enzymol, 471: pp.125-134.

20 Alexandre MTA, Arents JC, Grondelle R van, Hellingwerf KJ, Kennis JTM. (2007). “A base-
catalyzed mechanism for dark state recovery in the Avena sativa phototropin-1 LOV2
domain.” Biochemistry-US, 46(11): pp.3129-3137.

21 Kay CWM, Schleicher E, Kuppig A, Hofner H, Riidiger W, Schleicher M, Fischer M, Bacher
A, Weber S, Richter G. (2003). “Blue light perception in plants: detection and
characterization of a light-induced neutral flavin radical in a C450A mutant of
phototropin.”J Biol Chem, 278(13): pp.10973-10982.

2Sourjik V, Armitage JP. (2010). “Spatial organization in bacterial chemotaxis.” EMBO J, 29:
pp.2724-2733.



Olson 19

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 of a 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.*
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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.'’ 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
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Dimer of LOV domain and Ja-helix linker domain (residues 20-147) of YtvA from the
Gram-negative bacterium Bacillus subtilis, PDB accession no. 2PRS: 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 Jo-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 of R. centenum RR Fig.4b — SDS-PAGE of R. centenum LOV-HK
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SDS-PAGE run of affinity chromatography fractions of R. cenfenum 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).
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Figure 5 — Tryptic digest and tandem mass spectrometry results

Purified LOV-HK

2199999999 (100%), 39,390.9 Da

LOV Kinase [Rhodospirillum centenum]

86 unique peptides, 112 unique spectra, 815 total spectra, 303/368 amino acids (82% coverage)

MREREMLLAVIDABPISIAVADARRPDTPLIYVNRIFQTLTGYDRAEVMGRNERFLHGPG
TDDAAVGVLHEAIRTGSRAD VRLLNYRKDGSTFLNHLVLAPIHDETGTLSAYIGLQSDVT
DEARREETIDR QRQRVEALGREMGGVAHEINNLLQPVTLLTEELMRRORSTADTACLHTIL
DEALSARRIIGDLLAFSRPGGRETEVVDAAALLRDALVLVRKAVGPGILIRFDDGGGTAD
THADRTAFIQ VLLNLANNAA AAMGGEGTID VTLSVGPAPR GAGGQVRIAVADTGEGMDGA
LLERAFEPFFTTKPVGQGTGLGLSVAFGLVKEMGGEI ILESTPDRGTTAIVLLPAVQGKL
EDGHDSRR

RR eluted from nickel affinity column at 50mM imidazole

21209963692 (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 PSVMLSLRIVLEG!GHTVVGAANAEEGLGRLRQGGIDLVVTDIWIPGQPG

TAVISEGRRLAPGTRFLAITGGAPNGSFTAEDLRRIGTDFGADQVLYKPFQRAELIQAVS
HLLPA

RR eluted from nickel affinity column at 200mM imidazole

21209963692 (100%), 13,180.1 Da

response regulator receiver domain protein REC [Rhodospirillum centenum SW]

41 unique peptides, 47 unique spectra, 223 total spectra, 111/125 amino acids (89% coverage)
MATILVVEDVPSVMLSLRIVLEGEGHTVVGAANAEEGLGRLREGGIDLVVTDIWHMPGQPG

TAVISEGRRLAPGTRFLAITGGAPNGSFTAEDLRRIGTDFGADQVLYKPFQRAELIQAVS
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 8§9%
(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].
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Figure 6 — Dark-state spectrum of R. centenum LOV-HK
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Dark-state spectrum (300-520nm) 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."
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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 S0min. 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.



Olson 26
Figure 8 — Photorecovery of R. centenum LOV-HK
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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™ s 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 450nm 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* s



Olson 28

APPENDICES
Appendix A: Apoprotein amino acid sequences and theoretical masses

LOV-HK (39.390kDa)
MREREMLLAVIDACPISTAVADARRPDTPLIYVNRIFQTLTGYDRAEVMGRNCRFLHGPGTDDA

AVGVLHEAIRTGSRADVRLLNYRKDGSTFLNHLVLAPTHDETGTLSAYIGLQSDVTDEARREET
DRORQRVEALGRMMGGVAHEINNLLQPVTLLTEELMRROQRSTADTACLHTILDCALSARRIIGD
LLAFSRPGGRETEVVDAAALLRDALVLVRKAVGPGILIRFDDGGGTADIHADRTAFIQVLLNLA
NNAAAAMGGEGTIDVTLSVGPAPRGAGGQVRIAVADTGCGMDGALLERAFEPFFTTKPVGQGTG
LGLSVAFGLVKEMGGEIILESTPDRGTTAIVLLPAVQGKLEDGHDSRR

RR (13.180kDa)
MATILVVEDVPSVMLSLRIVLEGCGHTVVGAANAEEGLGRLROQGGIDLVVTDIWMPGQPGTAVI
SEGRRLAPGTRFLAITGGAPNGSFTAEDLRREGTDFGADQVLYKPFQRAELTQAVSHLLPA

His-tagged LOV-HK (40.455kDa)
MREREMLLAVIDACPISIAVADARRPDTPLIYVNRIFQTLTGYDRAEVMGRNCRFLHGPGTDDA
AVGVLHEAIRTGSRADVRLLNYRKDGSTFLNHLVLAPTHDETGTLSAYIGLQSDVTDEARREET
DRORQRVEALGRMMGGVAHEINNLLOPVTLLTEELMRROQRSTADTACLHTILDCALSARRITIGD
LLAFSRPGGRETEVVDAAALLRDALVLVRKAVGPGILIRFDDGGGTADIHADRTAFIQVLLNLA
NNAAAAMGGEGTIDVTLSVGPAPRGAGGQVRIAVADTGCGMDGALLERAFEPFFTTKPVGQGTG
LGLSVAFGLVKEMGGEIILESTPDRGTTAIVLLPAVQGKLEDGHDSRRLEHHHHHH

His-tagged RR (14.245kDa)
MATILVVEDVPSVMLSLRIVLEGCGHTVVGAANAEEGLGRLROQGGIDLVVTDIWMPGQPGTAVI
SEGRRLAPGTRFLAITGGAPNGSFTAEDLRREGTDFGADQVLYKPFOQRAELIQAVSHLLPALEH
HHHHH



Appendix B: Primers to introduce Ndel and Xhol restriction sites

LOV-HK forward primer (Ndel)
5’ -ATATAGGACATATGCGGGAGCGGGAGATGC-3'

LOV-HK reverse primer (Xhol)
5’ -ATATACTCGAGACGACGAGAATCGTGGCCATCT-3"

RR forward primer (Ndel)
5/ -ATATAGGACATATGGCCACGATTCTCG-3"

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

LOVRR - LP_ProtMix
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