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1. Chemicals usetbr the experiments

Congo reddisodium4-amino-3-[4-[4-(1-amino-4-sulfonato-naphthalen2-yl)diazenylphenyl]phenylfliazenyinaphthalene
1-sulfonate) crystal violet (@-{Bis[4(dimethylamino)phenylmethylidenell,N-dimethylcyclohex&,5-dien-1-iminium
chloride),eriochromeblack T (sodiurt-[1-Hydroxynaphthylaze®-nitro-2-naphthot4-sulfonate), methylene orange (sodium
4-{[4-(dimethylamino)phenyl]diazenyl}benzeiiesulfonate) thymol blue 8,3-Bis[4hydroxy2-methyl5-(propan2-
yl)phenyl}2,1<6-benzoxathiolel,1(3H)-dione) andphenol red phenolsulfonphthalein)vere obtained from POCh (Gliwice,
Poland) TM buffer contained 1M Tris base, 5 a  /,,110nmfM MgSQ, and distilled water (pH=7.4). All components were
purchased from Sigma Aldrich (USA). Bacteria were suspended in a 0.9% NaCl (ROTH, Germany). All solutions were sterilized
by autoclaving before use. Ultrapure water characterized by the resistivity 8alsi OY ¢l & 200 AYyGR FNRY
water purification system.

LBagar contained 19/l of agar, 10y/I of NaCl, 1@/l of tryptone, 5¢g/l of yeast extract, and 1§/l of agar (Carl Roth,
Germany)and it was used as an instant mix (Carl Roth, GermaByY.opAgar had the same compositipaxceptthat the
agar concentratiorwas 5g/l. Liquid LBnedium had the same composition except facking15 g/l of agar (Carl Roth,
Germany).

BHlagar contained 1@/| meat peptone, 5/l bovine heart extract, 12.8/I bovine brain extract, 9/l sodium chloride,
2.5¢/l dipotassium phosphate, @/l glucose, and 1§/l agar. Liquid BHI medium had the same composition except for the
lack of 159/l of agar.

YPDBagar contained 2@/l casein extract, 10/l yeast extract, 2@/l glucoseand 15g/l agar (Carl Roth, Germany). Liquid

YPD medium had the same composition except for the lack gfl 15 agar.

2. Bacteriophage stabilization against 1 hour of exposure to the UV radiation

The eyeriments were conducted according to the same protocol as described in the main text regarding the exposition of

GKS LIKIF3ISa G2 '+ NIRAFGA2Y F2NIwm YAydziSo {dzOK | NBt I GAOSt e
acomplete inactivation of phages (control sample, without CR). Knowing that Cedguotected phageswere exposed to

around 360 mJ/cn?. This is the total dose of UV radiation delivered within 1 minute Y Wk) 0V@ dimédaaverify

whether CR is effient against much higher doses. Results showing protection against 60 times highsr(de., 1 hour of

irradiation) are presented ifrigure 3. Fewer phages survived one hour compared to-omiBute irradiation, as expected.

However, the decrease in titdor all nonenveloped phages (T1, T4, T7, LR1_PAO1, MS2, M13) still did not exceed 2log.
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Figure 3. The graph shows the decrease in bacteriophage titers upoout exposure to UV light. The protective properties
of Congo red were examined feeven different bacteriophages T1, T4, T7, LR1_PAO01, MS2, M13, #&hdTRaisurvival

of the phages is presented as a PFU/ml (plague forming unitspéydfter 24 hours préncubation in 1% Congo red solution

and consecutive exposure to the Ud/nfJ/(cmais), 254 nm UV).

3. Bacteriophage stabilization in highly concentrated suspensions

The experiment was conducted according to the same protocol as described in the main text regarding the exposition of the

phages to UV radiation for 1 minute. SuciN& t | ( A @S ¢
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acomplete inactivation of phages (control sample, without CR). Knowing that Congo red protected exposed phages

in concentrations of about FPFU/mI, we aimed to verify whether GRefficient when the concentration of phages is higher.

For this purpose, we used the suspensions of all seven examined phages in concentrati¢riBrif/b@l, 10 PFU/ml, and

108 PFU/ml. Results are presentedFigure . Similar to the experiment preségd in Figure 1Ainthe case of all examined

concentrationsthe decrease of titer was about 1log when CR was present. Without CR, the decrease tthiealetection

limit (~25 PFU/mI) was observed regardle$ghe initial phage concentration. This suggasiat 1 minute of UV exposure is

enough to cause the decrease in phage titer by at least 8log.
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Figure 8. The graph shows the decrease in bacteriophtiiges upon 1 min exposure to UV light. The protective properties
of Congo red were examined for seven different bacteriophages T1, T4, T7, LR1_PA01, MS2, M18, dit Bhivival of
the phages is presented as a PFU/mI (plague forming units perdftan24 hours prencubation in 1% Congo red solution
and consecutive exposure to the U¥mJ/(cn¥is), 254 nm UV)The concentratios of phageswere about A) 18 PFU/ml,

B) 10’ PFU/ml, and C) $®FU/mI.
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4. The effect of SDS on bacteriophages
10 mg ofsodium dodecyl sulfate (SD8as dissolved in nl of TM buffer, reaching a final concentration of SDS = 1% (w/v).
We exposedthe representatives of noenveloped (T4) and enveloped (Phi 6) bacteriophage3DS at final concentrations
of 1% and (L% As the host fothe T4 phagewe usedEscherichia coBL21 strainwhereas,for Phi 6 phagewe used
Pseudomonas syringd@SM 21482 strain. Examined phages were diluted in the TM buffer to reach the initial concentration
of 10° PFUmMI (plaqueforming unit/milliliter). Bacteriophages were diluted in the TM buffeith andwithout addingSDS to
reach the same concentratiofthe pepared specimeswereA y Odzo F G SR luis nc/ F2NJ Hn K

Titration was performed by a droplet test on douliéer LBagar plates. The tepgar layer contained host ce(ls. coli
BL21for T4 phages oP. syringaddSM 21482 straifor Phi 6). After the incubation, a droplet test was performed by placing
at leasteightdroplets of phagesuspensioron the topagar layerThe experiment waperformedin triplicate.

Phi 6 phage was incapable of surviving in neither 0.1% nor 1% (w/v) concentration of SDS. T4 phage was still infective

after the incubation in SDResultsare presentedin Figure S1.

A) B)
107 107
] [_INosbps = sDS . [INo sDs N/ sDs
10° 4 1084
5] 5] =+ £
10 10 x
E 10*; E 10*; §
2. 2 403
o 107+ a 10°+
102+ 1021
107 10"
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1% SDS 0.1% SDS 1% SDS 0.1% SDS

Figure 3. The comparison of the effect ofhcubation insodium dodecyl sulfatesolution on the representatives ofA)

enveloped (Phi 6) an®) non-enveloped (T4) bacteriophages.

According to the literature, the lipid envelope is essential for all enveloped viruses to remain infedtheedamage or
destabilization of its envelopeesults inthe inactivation of the virus. The lipid envelope can be destabilized by the effect of
detergents (surfactant)or ethanol?. It is also known that Congo red has mild detergé properties*. These properties
explain why we observed a complete inactivation of Phi 6 bacteriophage in the prese@mngd red event before the

exposition to the UV radiatiorF{gurelA). Comparinghese results with the effect of a regular surfactaBDSon Phi 6 phage



73 reassured us that the same phenomenon is responsible for the inactivation of enveloped virusgsldeiexperiments. The

74 schematic illustration of this processpresentedn Figure S2
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76 Figure $4. The mechanism of inactivation of enveloped viruses is proposed based on the experiments on Phi § phage
77 asurrogate for enveloped eukaryotitruses. Detergenlike properties of Congo red dye cause the destabilization of the viral
78 lipid envelope, which is essential for the infectivity of enveloped viruses. The same effect is observed for detergeBB3e.g

79  orethanold.

80 5. Congo redand dyesabsorption of the UWis radiation

81 We observedsignificant changes in Congo red-Mié spectraboth in time and upon UV irradiatiorrirst, we analyze the
82 changes in time. We compared the Congo red solutions in 3 different solvents: ultrapure watet,(DyeetQ) FigureBA),
83 PBS bufferRigure SB), and TM bufferEigure SC). Spectra were recorded every 5 minutes for 60 minutes.

84 CR solutions in water and PBS were stable, and UV spectra did not change significamédy§A and $B). Concentrated
85 samples of CR in TM buffer (e.g., ;& ml) were turbid, in contrast to ultrapure water solutions of the same concentration.
86 We observed partial precipitation of reddish sediment in TM buffer in diluted sanipthesabsorbance @@Rn the TM buffer
87 decreagd overtime, and the maximum absorbae shifted from 49m to about 580hm while the spectrum changed its
88 shape Figure3B). The explanation for this is provided in the main text.

89 TM caused significantchange in the shape @Rspectra within about 25 minutes after the preparatidie recorded
90 UV-Vis spectra o€Rin water spiked with separat€M buffer componentsnamely5k a /. (Figure SD), 10mM MgSQ
91 (Figure SE), and 10mM Tris(Figure SF). This experiment provethat Mg?*cationswere responsible for the changes in the

92 shape ofthe Congo red spectrunivig?*cations are necessary for the number of phages to funatimmecty >.

93 We also redid thexperiments shown in the main text Figure 3 but in PBS, instead of TM buffer. Results are shown in

94  Figure S5¢GH, andl.
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95

96 Figure 5. The UWis spectra of th€Rwith the presence of different iondleasurements were conducted every 5 minutes
97 in the solutions ofA) DirectQ deionized waterB) PBS bufferC) TM buffer, and DirectQ deionized wateispiked with
98 separated components ofM buffer:D) 5kM CaGl, E)10mM MgSQ, andF) 10 mM Trisbase G) The degradation of CR
99 in PBS buffer due to UV irradiation (254 nm + 365 nm; 8. ®lution was incubated fot hour before the irradiationH)
100  U\wVis spectra of 196Rin PBS buffer with T1, T4, T7, M13, Phi 6, M8& LR1_PA01 bacteriophag&semeasuremens
101 were recordedafter 1-minute incubation of bacteriophages in C¥pectraverenormalizedo 483 nm 1) U\tVis spectra 01%
102 CRin PBS buffer, with T1, T4, T7, 3/Phi 6, MS2and LR1_PAO1 bacteriophag®teasurements were performedfter
103 24 hoursof incubation of bacteriophages in CRoectravere normalizedto 586 nm. A slight shift in the maximum absorption

104  (~480 nmA ~ 490 nm) was observed in both H) and ).

105 1%solutionsof five other dyes(eriochrome black Terystal violet,methylene orangethymol blug andphenol red were

106 investigatedfor their potential U\{protective propertiesOnly Congo red protecteghages from UV irradiatiorF{gurelD).

107 We recordedthe UV-Visspectra of these dyes and compartteem with CR Freshy prepared1%solutionsof all dyes

108 (including CRyerediluted 500 timesso the absorbance value was between 1 andle measuremeistwere performed in

109  PBSFigure 8A)and TM buffe(Figure 8B).

110 Thespectra analysishowed that all examined dyes absorb the radiatiorthe UVC (254 nn). The specific irradiation

111  wavelengthwas markedwith the black vertical linén Figure 8. These dyeshould prdect bacteriophagesagainst UV.

112 However, only CR did. This was most likely due to the specific interactions between CR molecules and proteins, proved

113  inmicrobiology for staining.
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Figure S6. The UWis spectra of Congo reeriochrome black Tcrystal violet,methylene orangethymol blug and phenol

red in A) PBSand B) TM buffer. The black vertical line corresponds to the wavelength of 254 nm, i.e., one used in-phage

related experiments.

To compare the spectra shift in mixtures of Congo red and phageqreyparedfresh (used about 1 minute after
preparation)1% solutions of Congg 5 R Ay ¢a o6dzZFFSNI YR t.{ o0dZFFSNI a2t dziAzys
(HSA)Sigma Aldrich, MA, USAYe expected to observe a similar shiftthe pure protein solution.

We recorded UWis spectra of fresh CR and HSA mixture®BB buffe(Figure S7A) and TM buffer solution(Figure
S7B). As a control, wesed CR solution in these buffer solutions. Before the measurement, solutions were diluted 500 times,
so the absorbance value was between 1 and 2.

The spectra analysis showed a spectra shift of about 498, /500 nm in both buffer solutions whernSAwas present.
Thisshift is caused by forming a complex ofA{fotein and CRAccording to the literature, such shifts weaso observed
for bovine serum albumin (BSAJhis complexation phenomenon was proven using spectroscopic techniques, including UV
Vis spectroscopy, fluorescent spectroscopy, and circular spectrosiadpypism’ 2. It is also knowrhat in aqueous solutions

the form of serum albumins complexed with CR is preferred from the thermodynamics point of.view
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Figure S7. The UWis spectra of Congo redth human serum albumin (HSi)A) PBS and B) TM buffer
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6. Mechanisnsof Congo rednactivation of enveloped phages and Wyotection of nonenveloped phages

Free radicals generated upon UV irradiation cause viral genome damage and deactivation of virimosedRsabsorb

most of the UV radiation, limiting théose to reach virions and lowering thember of inactivated viruses. The principle of

i K $icrébiala KA St R¢  YSOKI y Hyaé Yonckrdratiahif thdi suspensfo @#taining viruses absorbs the UV
radiation. Thedmoleculard dzy a ONB Sy ¢ YSOKI YA &Y | a & daesiliing inekdcal increase i0 the/ORa G 2
concentration and local protection from U\Dur experimental result@Figures 1A, 30, $H-1) and literature reviewt®11

suggest that even thougthe solution probably absorbs some piece of raiba, the principle of CR protective properties

isdue to thedmoleculard dzy & ONEB Sy £ (i.eY, & qukingbikdiny between dye and virionsthematically illustrated

in Figureb.

7. Estimation of bindingconstant

To confirm the interactions of Congo red with bacteriophages, we performed a spectrophotometric titration of 1% Congo red
solution in TM buffewith bacteriophage suspensiofihe initial concentration of4bacteriophages in the suspension used
for titration was 10 PFU/mI.After the preparation of InL of fresh 1% solution of Congo red in the TM buffer poftions
of bacteriophage suspension (1PFU/mlwereadded. Effectively the concentration of phages in the solugeaw by 2R10*
PFU/mL per each portion. After each portion, the sample was diluted 500 {bm@sovide the absorbance value below; 2)
and UWVis spectrum measurement was provided. Phagereveglded to reach the final concentration of abdi® 1010
PFU/mLThe time of the analysis was 5 minutes to eliminate the effects of the presence2bbMipe CR spectrum.

We chose to compare the differences in the absorbance at the wavelength 600 nm. At this value, the absorbance of the
bacteriophage is neglectable (extinction coefficient 1. The results were plotted as the correlation between phage

concentration andhe absorbance at 600 nm wavelength and presented in the figure b&oypporting Information Figure

S8:

0.14

0.12 4

e
o
1

0.08

0.06

Absorbance 600 nm

0.04 - n

0.02 4

il A n o n " A

s © A ® o K
S N N D N o IS

Phage concentration (PFU/ml)

Figure S8The correlation between T4 phage concentration and the absorbance of 1% CR solution. An increase
in absorbance valués observeduntil reaching the phage concentration of aboutPd(® PFU/m]j in phage
concentrations of 3107, 3r10° and 3R 10'°the absorbance value was similar.
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The estimation of the binding constant was ddreeed on the Scatchard metho® with the modification described

by Healy!3. Binding constarit is defined as:

Y6 Y
0'Yy

where [CR] is the concentration of the fr@ngo red in equilibrium, [S] is the concentration of unoccupied binding sites
(number of all unoccupied sites at all of the bacteriophages per voluane) [SL] is the concentration of occupied binding

sites 0 (analogically).

where 0 ¢ an average number of possible binding sites on a bacteriophageg an average number of occupied binding

siteson a bacteriophagd) ¢ an average number of unoccupied binding sites on a bacteriophage

Y6 Y
0 Yo'y Y

C:

I 0°Y
YT8Y p

The fraction of the ligand bound to the bacteriophage dgrihe titration can be expressed as:

q &
0
where "Qstands for the fractiond is the absorbance measured at 606, 0 is the absorbance coming from the free

congo red, and represents the maximal absorbance.

To improve the quality of the calculatipthe experimental values of measured absorbance were fitted by the exponential
functionwith RF 1 dy y & ¢k & free@nrig@ rdidhslayhost equal to the total CR concentratibthe beginningand

almost Oat the end of the titration. To minimize the error coming from using one of the estimations stands for the

absorbance of CR before adding the first portion of bacteriophages):
o . . © 0
Q I @ - =
0 0 0
We used the functiond 0 p —— , where Y s the total concentration (all forms of T4 and-TR) of
bacteriophage and” ¥ is the total concentration of the added bacteriophage wiien 0
. "Q6 Y
0 ~
Q6 Y ., 1 6Y

7 ’TEY

Hence:

10
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From the linear regressioff n ® O

Obtained N value is surprisingly high. This is, however, in line with the proposed mechanism, where a large number

of molecules stick to virions and adsorb UV radiation, actirdyaa t SOdzf I NJ & dzy 8 ONBSy ¢ o

8. Schematic illustration of membrane filter sterilizam

Ly GKAAa 62NJ X 6S dzaSR béf 2nybranecmodeld bioreactols. Ta SinNdaty Bh&eridl BidfoiiliBoNE

of the membrane, nl of bacterialsuspensiorin 0.9% saline was filtergtiroughthe filter. Since the diameter of filter pores

was much smaller than thaveragesize ofthe bacterial cell, bacteria covered the surface of the membrafégufe -1)).

Next,membranéfilters were filled with Iml of TM buffer solution containing bactephages, Congo redr both (Figure -

2)). The volume of inl was foundto be enough to fill the syringe filter withut going through it. Next, all the filters were
kept in the dark for 15 minutesThe followingl5 minutes of incubation took place either in the dark or expodor&V
radiationin alaminar hood Thermo Scientific MSEDVANTAGE; 38 lamp, 254m UV)Figue 3-3)). After the incubation,

all the filters werereverselywashed with 1ml of fresh TM buffer solution, removing phages, some of the, dye alive

bacteria Figure 2-4)), leaving the membrane sterilized. Téetire procedure waschematicallyllustratedin Figure .

11
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Figure 9. Schematic illustration of membrarsterilizationexperiment: J Bacterial cells are embedded in the syringe filters.
2) Syringe filters are additionally filled with suspension coniaing phages and/orCR 3) Incubation for 30minutes

with/without 15 minutes of exposition to the UV) Eilters flushed with Inl of fresh 0.9% saline

9. Examination of membranéntegrity after the cleaning procedure

The usage of UV radiation for membrane sterilization is generally recagaszeafe for membrane integrity. In the paper by
Lee et al the authorsproved the exposure of PVDF membranes to the UV for @b@hoursaffects neither their structure
nor chemical composition significantly. However, increased permeate flux and decreased thermal stability were dBserved
In time UV might introduce some adverse effects on membrane properties. They seem to be acceptable, along with the low
turbidity of sewage, for numerous reports describe UV sterilization of membrane bioreactors (MBR€)ur sterilization
protocol allows for decreasing the time Ol exposure, which would potentially result in slowing down the appearance of
these adverse effects.

To confirm these observations in our experimental desige exposed Nylon66 and PTFE syringe filter membranes
to 15 minutes of UV radiation (360 mJ/@mAfterward, the syringe filters were cut open, and the membranes were visualized
using the optical microscope (10x magnification). This was to observe faitdamage in membranes' structure caused by
UV radiation. For each membrane, three images were taken before (panels A and C) and after the UV exposure (panel B and

D). Images are summarizedrigure S10

12
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Figure S10Visualization of Nylon66 and PTFEnmheanes using an optical microscope (10x magnification). A) Nylon66
membrane before the UV exposure, B) Nylon66 membrane after 30 minutes of UV exposition, C) PTFE membrane before the

UV exposure, and D) PTFE membrane after 30 minutes of UV exposition.

With this visualization, we didn't observe any significant differences in membrane surface structure before (A, C)

and after 15 minutes of UV exposure (B, D).

10. Examination of Congo red penetration tbugh the membranes

To verify if Congo regenetrates through membranes, potentially affecting the permeate quality, weed PTFE
OLRtEUSINI Tt d2NRSGIKet SyS0 noun xY &&8NARYy3IS FAEGSNI G2 &AYdg |
literature, polyvinylidene difluoride (PVDF) memhea are most frequently used MBR. We found PTFE as a material of
similar properties. Both PTFE and PVDF membranes are hydrophobidpWvgwetein binding ability, can be used for the
filtration of gases and air, and both have good chemical compatibMTFE is suggested for the filtrationsofutions
containing aggressive solutions, e.g., strong acids, while PVDF is more suitable -faygnessive aqueous and organic
solutions (http://en.finetechfilter.com/what-is-the-difference betweenpvdf-and-ptfe.html).

Filters were filled with 1 mL of 1% of Congo red solution in distilled water and incubated at room temperature for
30 minutes (the cleaning procedure described in our manuscript). Then, filters were rinsed multiple times with 1 mL of
distilled water. After each rinsing, the solution was transferred to the glass vial, ardi¥J$pectrum measurement was

provided. The differences in absorbance are presentdeélgare S11

13
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235
236 FigureS11 The differences in Congo red absorbamadr exposing thd®TFE membrane to 1% Congo red solution (1% CR)
237  and after six rinmgs With each rinsing, the decrease in the absorbance value was observed until reaching the background

238 intensity by Rinse VI.

239 The drop of the Congo red concertation after each rinsing was@bserved as the decrease in the intensity of the

240  color, presented irfFigure S12

241

242 FigureS12 Congo red solutions rinsed from the PTFE membrane. The decrease in color intensity corresponds to the decrease

243  in CR absorbance.

244 Six risings were required to remove Congo red to below the spectrophotometric assays' detection ¢jmijs This
245 is in line with our testing experiments, where filters were rinsed slowly with 5 mL of buffer (in total), i.e., the amaunt th
246  was enougho ‘clean' the filter.

247 Knowing the surface of the syringe filter membrane is about 18, ¢ar the removal of Congo red from the
248 membrane, 6 mL of water per 16 €is needed; 3750 mL/1 #nso less than 4 L of water per 2 af the membrane (the cost

249 of 1L of water is about 0.0023$). After rinsing, no signs of Congo red penetration through the membrane were observed. For

14



250 a certain complete removal of Congo red, after the cleaning procedure, one of the protocols for Congo red removal from the

251  aqueous solutin described in the literaturé=12 might be applied

252 11. Reusability of phageCongo red solution for membrane sterilization

253 28 |AYSR (2 OSNRARTFE (canposed $f T4 fhaged afid §RJ colld ke (relmed after the membrane
254 sterilization protocol described in the main text. In shdtt,coliBL21 (DE3) GFP (of concentratii P 10* CFUMI) were

255 deposited onto Nylon6@ ® H Hfilters Yyfiltering 5 ml of the bacterial suspensidn 0.9% NaGWwice through the membrane

256 (Figure 9 1)). Next, filters were filled with inl of TM buffer containing T4 (around ABFUmMmI) suspension and CR.1%

257 w/v) (Figure 8 2)). This volume was previously foutmbe enough to fill the filterdut not go throughFilters were incubated

258 at room temperaturefor 15 minutesin the dark,then exposel to UV irradiationwithin the laminar hood Thermo Scientific

259 MSGADVANTAGE; 38 lamp, 254qm wavelengthfor 15 minutes(Figure D 3)). Finally, the filters werarashedwith fresh

260 TM to investigate the effect of the treatmenFigure 9 4)). This finalwashingwas done in the opposite direction to the

261 previous steps. Such protocol allowed the recovery of most cells from the control samples.

262 Here, we collected the suspension after the final flusiihql of solution) and we used itas@ Ot S yAy 3 YA E( dzNB
263 02y &aS0dziagdsS AGSNATATIFIGAZ2yd . SF¥F2NB (KS aS02yR FLILX AOFGA2Y S
264  to remove bacterial debri<Centrifuging for a lorgy time or at a higheangular velocity may cause the sedimentation of the
265  dye.Then thesterilizationprotocol was repeatedn freshly prepared Nylon66 filteepikedwith bacteria Instead of a fresh

266 4 Of S| y A y3he Wskdbohiedmd&Sappliedn total, three cycles of stdization were completed. The experimewas

267  conducted in triplicate.

268 Such protocol proved efficient for two consecutive sterilization runs but not for the thirdrigiie 33). This is probably

269  due to thedecreasing concentration of Congo red, for not all the dye could be retrieved by just washing membranes with
270  awater solution.In the first two cyclegthe decrease in bacterial concentration was fror® 20* CFUm to below the limits

271  of detection (~10 QB/ml), suggesting the combined effect of UV radiation and bacteriophages protected by Congtieed

272  the third cycle, this decrease was fronrP20* CFUMI to 2 R 108 CFUMmI, comparable to the sterilization with combined

273 UVradiation andbacteriophages (with no Congo red).

274
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Figure S13. Multiple membrane filter sterilization fronk. coliBL21 (DE3) GFP biofouling with the same suspension of T4

bacteriophages witlCRin TM bufferand simultaneoudJV exposure

12. Costs estimation

The cost of1 kg of Congo red powder is about 1.45% (when buying in more significant amounts, e.g.,
https://www.indiamart.com/proddetail/directcongored-21950311862.html). Our protocol requires Congo red
concentration of 10 mg/mB 10 g/LA 1 kg/100 L; the cost of 1L ofater is 1.73% per f(about 0.002$ per 1). Congo red

used per 1 L of the solution is about 0.01$. Including the cost of consumables for phage amplifi¢iondishes ($0.01

per plate), LurieBertani agar (0.07$ per plate), and LuBartani Top agai0.05%), the total cost of 1 L of the 'cleaning mixture'

is about 0.15%. 1 mL of the 'cleaning mixture' is enougktéeailize approximately 10 chof the membrane. Therefore, 1L
covers approximately 1004of the membrane. The average cost of UV statiian with a dose of 360 mJ/ciis about 0.63$.
Assuming the sterilization cost af100 nid membrane with UV radiation for 30 minutes is 6300$, the cost of 15 minutes of
exposure would be about 3150$. Including the costs of the preparation of the cleanmitgre (0.15%), the estimated total

cost of this sterilization method would be almost two times lesser than in the case of just UV exposure. This is due to the

shorter time of irradiation.
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