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Materialsand Methods

Chemical Compounds

Uric Acid and Guanidinium Hydrochloride (Sigma)akin Mononucleotide (Chemochroma) and Anthraced8-8jpropionic acid diso-
dium salt (Chemodex) were used as received. PRIFPBS solutions were prepared dissolving the requimount of a PBS tablet (Sig-
ma) in 100 mL milliQ water or deuterium oxide (Fa))k Phenalenone-2-sulfonate was resynthesizeddingao the published method in

referencé.

MiniSOG expression and purification

The pBAD-Myc-HisA plasmid encoding miniSOG (fromi@is Lab) was transformed intescherichia coli DH5a cells. The expression
and purification was performed in the darknesfeihg minor modifications of the protocol describeldewheré.One litre cell culture
was grown from a single colony in LB media with%.hrabinose as inducing agent at 37 °C overnigdie.cElls were harvested by cen-
trifugation and the pellets resuspended with Ipsier (300 mM NaCl, 50 mM phosphate pH 7.4) suppeted with a protease inhibitor
cocktail (Roche, Basel, Switzerland). Cells wergely by sonication and the lysate was cleared bifteation during 30 min. at 4 °C
and 45000 x g. His-tagged miniSOG was purified frtra supernatant using a Cobalt-agarose affinitynso (Jena bioscience, Jena,
Germany). The eluted fractions with protein weralydied into 150 mM NacCl, 50 mM phosphate pH 7.4%RR&iffer). A second Cobalt
affinity column was run to ensure protein purityhieh was determined by SDS-PAGE gel and MALDI-TO&ss1spectrometry. Protein
concentration was determined by measuring the Bbroe at 280 nm, using extinction coefficients waled from amino acid composi-
tion and absorbance at 448 nm using an extinctefficient of 16760 M- cmi'.® The Trp81Phe miniSOG protein mutant was generated
using the quick-change technique. The mutationeeasirmed by sequencing. miniSOG (W81F) was exmessd purified as described
above for the WT protein. For expression of a sglminiSOG variant the miniSOG gene was amplifigdPER and recloned into a
pPRO-EX-HTa-modified expression vector (Invitrogemding the restriction sites BamHI and Hindllld®ate genes with an N-terminal
His6-tag followed by a TEV cleavage site. The plasmvere transformed into E. coli C41 cells. Celere grown at 37°C to an OD600 of
0.6-0.8, then the expression was induced with OB IRTG and grown 5 h at 30°C. The protein is pedfiusing the same protocol de-
scribed above. Finally, the His-tag was cleavedbgrnight TEV protease digestion at 4°C and thetalisand the tagged protease re-

moved by a second Cobalt affinity column.

Photodynamic inactivation protocol

Photodynamic inactivation experimentskofcoli strains BL21 (DE3) expressing TagRFP or DH&pressing miniSOG were carried out.
Cell cultures in exponential growing phase wereigatl either with 5@M isopropyl g-D-1-thiogalactopyranoside (IPTG) or 0.1% arabi-
nose for 1 h, respectively. After replacing thevgito medium with PBS the cells were transferredricoptical non-treated sterile glass

chamber and irradiated through the top of the clearbip means of a LED light source (Sorisa Photdassiag a 35 mW- cihfluence rate
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either in the green for TagRFP (535 * 15 nm) adhmblue for miniSOG (475 £ 15 nm). For CFU deteration, irradiated/control sample

aliquots was serially diluted, streaked on nutreegdr, and incubated in the dark for 18 h at 37 °C.

Protein denaturation protocol
MiniSOG was adjusted to a concentration of 2.5 pMi6 M solution of Gdn HCI (PBS or dPBS) accordiong well-established proto-
col* The solution was stirred over time and, periodjgalbsorption and fluorescence spectra were aeqyiir order to assess the degree

of denaturation.

Spectroscopic measurements

Absorption spectra were recorded on a Cary 6008itspphotometer (Varian, Palo Alto, CA). Fluoresmeemission spectra were record-
ed in a Spex Fluoromax-4 spectrofluorometer (Hodibkin-Ybon, Edison, NJ). Fluorescence decays vem@rded with a time-correlated
single photon counting system (Fluotime 200, Pica@GmbH, Berlin, Germany) equipped with a red simesphotomultiplier. Excita-
tion was achieved by means of a 375 nm picosecattdaser working at 10 MHz repetition rate. Theirting frequency was always
below 1%. Fluorescence lifetimes were analyzedguBlitoQuant FluoFit 4.0 data analysis softwaren3ient absorption spectra were
monitored by nanosecond laser flash photolysisguai®-switched Nd-YAG laser (Surelite I1-10, Contim) coupled to an OPO laser (SL
OPO, Continuum; 5 ns pulse width, 1-10 mJ per puisth right-angle geometry and an analyzing beaadpced by a Xe lamp (PTI, 75
W) in combination with a dual-grating monochromatmod. 101, PTI) coupled to a photomultiplier (Hanzdsu R928). Kinetic analysis

of the individual transients was performed withtaaire developed in our laboratory. Excitation wawejths were 355 or 475 nm depend-

ing on the experiment

Singlet oxygen quantum yield measurements

Direct 'O, luminescence was detected by means of a custorize@uant Fluotime 200 system described in detséiwheré.Briefly, a
diode-pumped pulsed Nd:YAG laser (FTSS355-Q, Chystaer, Berlin, Germany) working at 10 kHz repgetitrate at 532 nm (12 mW,
1.2 pJ per pulse) was used for excitation. A 108drmgate notch filter (Edmund Optics, U.K.) wasagld at the exit port of the laser to
remove any residual component of its fundamentassgon in the near-IR region. The luminescenceirgifrom the side of the sample
was filtered by two long-pass filters of 355 an@58n (Edmund Optics, York, U.K.) and two narrow Bpass filters at 1275 nm (NB-
1270-010, Spectrogon, Sweden; bk-1270-70-B, bkfertenzoptik, Germany) to remove any scattered legdation. A near-IR sensitive
photomultiplier tube assembly (H9170-45, Hamamd&tsatonics Hamamatsu City, Japan) was used as teetoleat the exit port of the
monochromator. Photon counting was achieved withudtichannel scaler (PicoQuant's Nanoharp 250). Tile-resolved emission
signals were analyzed using the PicoQuant FluoBitdéta analysis software to extract the lifetiradugs. O, signal amplitudes were

fitted by analysis of the data using the FluoF& doftware.®, values were calculated using Equations S1 and $2h&'O, signals

shown are background-corrected.
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Indirect measurement 60, was performed using uric acid (UA) as a chemicabp as recently describ€dAbsorbance values at
292 and 315 nm were measured vs irradiation timeptitally-matched solutions of FMN or miniSOG &b@ pM UA at 450 nm, and
degradation rates were compared. Upon reaction ¥@h UA forms a hydroperoxide intermediate that undeggadditional *O,-

independent) reaction steps to final degradatiodycts such as triuret, urea and cyanuric &cid.
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Scheme S1. Photosensitized oxygenation of UA showing hydrogiet®intermediates (adapted from rgf.

As a result, absorbance at 292 nm decays with brexptial kinetics. As the degradation of the hyérogide intermediate is oxy-
gen-independent, only the first decay)(teflects the reaction with singlet oxygen. Thaateon can also be monitored at 315 nm, with the
difference that the intermediate formation) (&ppears as an increase of absorbimamels a and b in Figure S3 compare UA degradation

due to photoexcited FMN and miniSOG, respectively.
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Deuterium isotope effect on the photooxidation of ADPA

The finding that in dPBS the ratio of ADPA photodeadion rates decreasedda 1/3 can be rationalized bearing in mind that sthee

lifetime of singlet oxygen is longer in dPBS, tlager of ADPA photooxidation by singlet oxygen inesiin dPBS (see Equation S3):

k [ADPA]

L Kk ADPA]
Ia Equation S3

V—ADPA —Ya

where y is the rate of singlet oxygen production,kthe photooxidation rate constari? is the lifetime of singlet oxygen in the neat
solvent and kis the rate constant for the overall scavengingirglet oxygen by ADPA (oxidation plus quenching).
Thus, if FMN would act via singlet oxygen but mi@6& would not, the photooxidation rate v would irae only for FMN and the ratio

VminisodVemn Would be smaller in dPBS than in PBS, as observed.

ADPA photooxidation studies

The contribution of electron-transfer processetheominiSOG-sensitized photooxidation of ADPA wasttier supported by laser flash
photolysis experiments. When oxygen-depleted smistof miniSOG or FMN were blue-irradiated in thegence of increasing amounts
of ADPA, formation of new long-lived transient speccould be readily observed in both cases, whbserbance increased in an ADPA-
concentration dependent manner (Figure S5). Wibatitrthese new species to semioxidized forms oPADN line with previous reports

for other anthracene derivativddén addition, we observed that, in the presencADPA, the fluorescence of miniSOG was partially
quenched and the spectrum lost its vibronic strectbigure S6). This suggests that ADPA binds tni8®G, as observed for other an-

thracene derivativest°which facilitates the electron-transfer process.

The results above indicate that photooxidation BPA results from bothO,-dependent and -independent processes, the latititated

by the binding of ADPA to the protein.
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Supporting Figures
Figure S1. Triplet state kinetics of miniSOG and FMN.
Figure S2. Photodynamic bacterial inactivation studies.
Figure S3. ®, measurements using UA ad@ probe.
Figure $S4. ADPA photobleaching with an electron transfer plketsitizer.
Figure Sb. MiniSOG, FMN and pyrylium electron transfer photacgvity with ADPA.
Figure S6. ADPA interaction with miniSOG followed by steadyts fluorescence.
Figure S7. MiniSOG spectral behavior upon denaturation
Figure S8. Tagless miniSOG spectral behavior upon cumulatiegliation

Figure S9. FMN spectral behavior aréi, changesipon cumulative irradiation
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Figure S1. Transient absorption decays of FMN (blue line) amndiSOG (red line) observed at 300 nm (a) and @®0(b) for argon-
saturated optically-matched solutions excited & B3&. Transient absorbance decays for argon-satlsaiutions (green line) or aerated

solutions (pink) of miniSOG observed at 300 nm ardited at 475 nm (c).
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Figure S2. Comparison oE. coli light-dose dependent photokilling effect of TagR#Rl miniSOG upon irradiation with green or blue

light, respectively. Experiments were carried outriplicate for each condition.
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Figure S3. Singlet oxygen quantum yield determination using &Aprobe. Spectral variations of optically-matckelditions of FMN (a)

and miniSOG (b) in the presence of UA 50 uM upociteion at 450 nm. Insets: time-dependent absadaariations at 292 and 315

nm. (c) Comparison of UA bleaching rate at 292 nrthie presence of miniSOG (red) or FMN (blue).
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Figure $4. (a) Absorption spectra of ADPA (blue) and 2,4-dipyle5-(4"-methoxyphenyl)pyrylium tetrafluoroborayrylium; orange).

(b) ADPA fluorescence photobleaching upon bluetligradiation in the presence of Pyrylium. Fluomsce was acquired at,. = 355

nm.
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Figure S5. Transient absorption of (a) FMN, (b) miniSOG gnjlthe electron acceptor pyrylium in deaerated B8I8tions in the pres-
ence of ADPA. For FMN and miniSO&,. = 475 nm (and traces correspond to increasing ateaf ADPA: 0 uM, blue line; 12 pM,

green line; 60 uM, black line; In panel c, the tete corresponds to pyrylium alone, green to ARiRAe, and grey to their combination

(12 uM ADPA); Agyc = 355 nm. In all casesg,,s= 300 nm.
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Figure S6. MiniSOG fluorescence time-dependent changes upditiad of 20 UM ADPA. Fluorescence was acquiredgt= 450 nm.
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Figure S7. Absorption (a) and fluorescence (b) spectral chamg®.5 pM miniSOG in Gdn HCI 6 M PBS over timel{d red line corre-

sponds to initial measurement; green, grey and ééshed lines correspond to contact times of 68,8k 250 min). Fluorescence was
acquired af\., = 355 nm. The initial resolved vibronic structeminiSOG is progressively lost as the proteinatares and FMN is

released. Note that, unlike other flavoproteinsiatieration results in loss of fluorescence as Fi\ has a lower fluorescence quantum

yield than miniSOG.
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Figure S8. Absorption (a) and fluorescence (b) changes ofi#3agless miniSOG in dPBS upon cumulative irrada@tA ., = 355 nm.

Fluorescence was acquired\a. = 400 nm.
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Figure S9. Absorption (a) and fluorescence (b) changes of HMNPBS upon cumulative irradiation’at,. = 355 nm. Fluorescence was

acquired ah.,. = 355 nm. (c) Relative enhancementigfvalues taking into account absorbance decrease.
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