Comparing assays for Clinical Phage Microbiology in biofilm
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Genomic methods: external DNA (eDNA) quantitive PCR (qPCR) eDNA is relarsead from . ¢ Con
INTRODUCTION withing bacteria when they undergo lysis .It is isolated through 0.22 filtration of lysate. | = o " o 0 : e CONCLUSION

Heat flow (u'W)

gPCR of eDNA have sfhown a signiﬁ(]:cant increase in eDNA presence forftwo pseudomonas housekeeping e BPLE I . DD 1S
: o : L : . genes, IdhD and rpoD. for IdhD, 3 out of 5 phages tested have shown a significant reduction in cq when treated gl . o B T oone . . . .
Failure of bacterial infections for current Antimicrobial treatment is a major burden on global health, with higher phage concentration (p-value<0.01, Fig. 2A). rpoD control group has reached detection threshold in I — s pof b 2% L calScreener - a metabolic methods assessing heat release modification.
estimating that by 2050 the leading cause of death will be antibiotic resistant infections (1). These non cq 18.25 cycle, while 10/8 PFU/ml phage group resulted from 15.69 cq(PB2C) to 17.54 cq (PB2F) (p- NN gud 1 24 B 108 . : )
resolving infections are commonly associated with bacterial biofilm formation (2). Vﬂlue<0.01,Fig. 2B). all SIphages tle_stede have shown a significant reduction in cq when treated with higher i TL}S““ . "“""’""‘“’"'T’;ﬂ"‘;;“"""’*""f‘*z;tml é - Z”‘D - . e Pros " SenSIJFIVe, real time, S hows regrow and €asy to work with after a
One promising solution for this problem is phage therapy. however, a major challenge in the use of phages for phage concentration {p-vaite<0.05, Fig. 2B, : _x gl e 5 - o - . short instruction.
therapy is the personal matching of the best phage for patients' bacteria, with the most effective antibiotic We next analyzed time series experiment where replicates of the same biofilm treatment were filtered at T fed N For cons - expensive, relatively high variance between samples. Current
combination against the target bacteria. Different phage and antibiotic combination can be assessed in different timepoints to assess for the kinetics of eDNA change over time. L/ A R " 29- \/?_.,\/, : : bi
vanou; rlr.le.thcidshon pldnktgpul: bac;ena, most common using an optical density plate reader in a process We saw a significant reduction in cq between the phage treated biofilm to the control treated biofilm over time ol ) S RN o S S 7,2 7 on VErsion Is anerobic.
termed clinical phage microbiology (3). in both genes tested , from a about 1 hour (p-value<0.001, Fig. 2C-D). SOV ONN I I - R ' 7+ i
oo eL e e ) WA AR N N S 30l > 2
Elurrently there is no d"g"g%}Ed re[IiabIe methoci tg determine the bieﬂlng.elifec.t of dciffde]rc?nt pt[‘ f? b ot We next correlated the lysis of different planktonic bacterial concentrations to the change in the amount of \eseSese® (17 = Time (4 P 400- ? Tmﬁﬂﬂ -Conol . 9 gPCR - asses the amount of external DNA (eDNA)
erein we assesse ifferent assays: metabolic, genomic, microbiologic and different fluorescent stains : : : _ : \o2e® 17" , M- PASAIG 10% 5 07 10 25 S0 85 167t T g ' n e : :
and CFU counting, in the model bacterium pseudomonas aeruginosa PA14. EE)NA, a reduction of 1 log in CFU resulted in a cq of 18 cq, for IdhD, and 18.58 cq for rpoD (p-value<0.001, Fig. u,/,r«/ . S e = s E e | - Pros-sens itive, utilizes basic lab eqmpment.
| L | g | | | We then found the minimal amount of DNA detected through this method, which was found to be 10™*ng/mp. : — s ¢ - 0 P cons- laborious, demands filtration of samples. Not real time and is not
We aimed to identify an assay that will be sensitive enough to differentiate between 5 different pseudomonas We found a linear correlation between DNA content and qPCR detection eDNA gPCR : —PBCI0S 3 200— - DD 10° ) . e ) : :
aeruginosa targeting phages, and between different concentration?f of thfe same phage, with the hypothesis ' -3 ; =R : I = O g able to show regrow. Might be affected from different enzymes present in
that a system that will be sensitive enough to observe the greater effect of higher phage concentration on pre- Y : T : : =G £ 100 ——— 21 BN O (oD Antbitic induced '
grown biofilms, will be able to correctly identify difference between different phages. Sonication and CFU, Crystal Violet. Counting living cells, and biological mass o e e - g o - the environment.
- T T e e e n e e E e e 0- W PB2C 108 , -\
Both Colony Forming Unit (CFU) after sonication and Crystal Violet (CV) were not sensitive enough to VRS EAERAEAS SRR 2 7 : : . . :
METHODS differentiate between the activity of different concentration of phages (Fig. 3) both of them demand the e SRR 0% ) A - N CFU post sonication- assess amount of I|V|ng bacteria in the biofllm
termination of experiment and cannot be assessed real time, CFU demands the use of sonication to dissolve f’“ 00101010010 10607 105104105102 107 100 10 107 10° 10¢ r ~ tili basic lab ipment
biofilm-cell living morphology, while CV assess biomass and not living cells ‘Sonication, £ e © ACFU DNA content (ng/p) Pros - UthiZes ?‘.Slc d eCIUIP_ ent
Confocal Microscope | | | | cons - not sensitive, not real time
Bacterial Strains and Culture Conditions Pseudomonas aeruginosa PAT4 (4), was used as model . o . o . Figure 1. heat flow was measured using calScreener ~ Figure 2. Comparison, using rtPCR, of 5 different
microorganism. Bacteria was grown in Luria-Bertani (LB, Oxoid BaSIrllcgstoke United Kingdom) broth in liquid Fluorescent dyes: SYTO9 (“Live”), Propidium lodide (“Dead”), Biolight 680, DAPI - Assessing over 21 hours, comparing 5 different phages at a PFU Ehages atda I:rl]:U ’?d 1078 and 1,[0/? treatedfflgr 2d4 C Viol b
or solid form (1.5% agar) at 37°C with shaking. Low shear force biofilm was grown as previously described living/lysed cells, extracellular matrix of 108and 10%on Pseudomonas aerudinosa ours, an en their supernatant was filtered. r | - iom _
(5), overight frown PA74 was putin a desired well plate and incubated for 24 hours. Phages used in this study I biofilm. PASA16 phage (A), PB2C phage (B), D9gphage Primers for housekeeping genes, /dhD(A), rpoD(B). ~1Ys ta .l.o et bas§e|s Sb O .aSS
were previously isolated as part of the Israeli phage bank (6). The phage concentration was determined Live dead stain did appear cytotoxic, but not phage toxic both Live staining (SYTO9) and Dead (propidium _ (C), PB2F phage (D), KLEIN 3 phage (E). measurement The results are the.average.of trlplleates, presented Pros - utilizes basic la eqmpment.
according to the standard PFU method | . | iodide) were able to different between phage concentrations tested of 4 out of 5 phages tested (different g starts after a period of 1 hour due to the calScreener ~as mean * SD. Time Series experiment with one cons - not sensitive. not real time
CEU metho. Bloflm was was hed with <aline, and mechanically removed using a sterie fip. The contont of P (Fia SAC). T Two cyes), at the endpolni, demanding the staining, confocal microscoy Imaging anc protocol, The results are the average of triplicates, oG PN (C). 70D (D). planktonic  bacteri |
- , : 1all , - . 3A-0). presented as mean + SD. of the different phages _ - /\L), TPOUAU). C1
each well was moved into an 1.5 ml tube, followed by sonication for 5 minutes. CFU methods was done. at different concentrations (F). This shows that change in CFU, Using serial dilutions of Ceftazidime : A : ' : : i
cvrreal ealSeraanar hiafilm was arown in desianated activated Svmeelmanifactured olrtes a¢ described. 200l DAP, targeted staining DNA (example in Fig. 4), our hypothesis is that through bacterial lysis DNA is realesed calScreener is sensitive shows lower AUC with higher and the corre:ﬁting°cq' with primers for eithehr ldhD, or I-I\(;ed Dead 5(}5“”' stains live and dead bacteria with SYTO9, Propldlum
phages were added, and plastic g|ead5 were glaced in the macKines titanium We”Sp, and sealed. Maehine ?enaddEréljﬂ\lusdg?iadnli%cl:gcnrﬁ;Siﬁ(d.recdgespk\]/eESnpiagfdav:?dga;?lae;eegi:LSJt?dngﬂ glgqhg)dqeil ?egqtegagid\lldgh%%\évg ”sliodag-:i phage PFU. gg%DdzEd:cer(i:aa Ilt;;aetdonwcituhrveeitﬁtselrngheggNdr aaddgisdfi(d odide accdr mg-y. |
meas.lprgmefr;t started after a period of 1 hour due to the calScreener protocol. Data was analysed using the (example at Fia. 4) was reduced with phaae application, reduced more with higher phaae PFUs indued lysis (F). Theresults are the average of Pros-s5ens ItIVQ, Vhs udl.
supplied sortware. duplicates, presented as mean +SD. - ' '
gPCR for eDNA Biofllm was grown as dsceibed above. 20 ul Phage or PBS for the time dseribed or overnight if Focused P P cons - demands fluorescence mlcroscopy, not real time.
not mentlor]]_ed The relative amounts of eDNA in the cell-free supernatants were determined by real-time PCR on Test
using specific primers for housekeeping genes rpoD and the IdhD genes. Real-time PCR was carried out using Assay  bacterial e _ Equipment Labor and biofilm on Lo . e - _— _— A Control biofilm ‘Al : : :
the iQ™ SYBR® Green Supermix, (Biorad, Hercules, California, United States), with a CFX96 Touch Real-Time dssay fype o odly | 2SREvily Realtme LRegrow . experty  target Quiniesive e - - - LT DAPI, BIOIIght - Fluorescent stains assess INg DNA’ Intracellular matrix
PCR Detection System (Biorad, Hercules, California, United States), ina 25 pl final volume. extracellula material? according|y_
For determination of eDNA in changlng CFU planktonlc bacteria were grown iver night and treated with 6 I .0 ; :
dilutions ofceftfq2|d|me 50, 25, 12.5, 6.25, 3.125, 1.5625 ug/ml, incubated overnight at 37°C with shaking. T pros- sensitive, complementary for each other, can be visualized and
DNA was quantified using nanodrop (Thermo Fis her, Waltham MA). . : . ' T '
CV Biofilm containg 96 well plate was washed, then stained with 0.1% crystal violet solution (125 pl per well) Mebolic | calSereener D2t High Yes Yes Costly . short Yes Yes Ancrobie assessed real time as it ,IS not CytOtOXIC‘
and extracted with 30%acetic acid (100 ul per well), OD was determined in 550nm. cells Ll conehons cCoNns- yet to be proven with more data.
Fluorescent stainings Biofilm containing 96 well plate was washed and then stainedI with either Live/Dead cell is needed P—
viability kits, DAPI, Biologht 680 according to the manufacturer's instructions. The fluorescence emissions of Quantitative . - emands
the samples were detected by using confocal laser microscope (Carl Zeiss). DAPI, Biolight 680 were also Genomic PCR Ba:z::al High No’ No gazclizzt Eazzfjus Yes Yes filtering of REFERENCES
assessed with a fluorescent plate reader every 20 minutes, at previously described conﬁguratlon (qPCR) P samples = =
Post : E
Sonication calscreenar(>ymeel.com) 5 £ . Murray, C. J. L. et al. Global burden of bacterial antimicrobial resistance in 2019: a systematic analysis.
R E S U LT S | ﬂﬁcr:z;ofogs 15) (::];f Ba:::lt:al Low No’ No ga:icli:zt Minimal Yes Yes Lancet (2022).
Unitsg o B Phage treated biofilm 2. Ciofu, O., Rojo-Molinero, E., Macia, M. D. & Oliver, A. Antibiotic treatment of biofllm infections. Apmis 125,
(CFU) TS _ 304-319(2017).
Metabolic method : Symcels calScreener Crystal ” | . Comwol 3. Gelman, D. et al. Clinical Phage Microbiology: A suggested framework and recommendations for the in-vitro
The calScreener is an isothermal microcalorimetry instrument. It directly monitors the Microbiologi | Violet  Extracellular - N, | Basielab .. Ves I f ol pe - PASALG 108 matching steps of phage therapy. The Lancet Microbe (2021).
metabolic response in biological systems using bioactivity monitoring. cal St‘(‘(’;“\f,;g matrx Equipment 1 5. el e TP iNn 4, Wiehlmann, L. et al. Population structure of Pseudomonas aeruginosa. Proc. Natl. Acad. Sci. 104, 8101-
calScreener measures heat flow in each well in a 32 well plate, in a closed system the change in heat P e Confoca] | ADOTIOUS; s T ) 1 ” Do 8106 (2007)' o L ) , o
generation is contributed to metabolic change. When comparing 108 PFU applied phages on biofilm, Fhuorescent “’:tai;a a:c;‘: Medium =~ No’ No M:’:‘O::o 30 minutes =~ Yes Yes * o Fier i 5. Misken, M., Di Fiore, S., Romling, U. & Haussler, S. A 96-well-plate-based optical method for the quantitative
reduction of 28.8% (PASA16) to 92% (PB2C) (p-value <0.01 Fig. 1). AUC of all 5 phag_es tested was hlghetwhen P¥" per sample ’ ' ' o pmacaoe and qualitative evaluation of Pseudomonas aeruginosa biofilm formation and its application to susceptibility
treated with lower phage PFU (p—va/ue<0.191, Fig. 1). The released heat measured in uW from t=1h until t=2h I . testing. Nat. Protoc. 5, 1460-1469 (2010)
was lower when PFU was higher in 4 out of 5 phages tested (Fig. 1B-E). . | Dacten - UOTCSOent | e o P : = . ' o
Fluorescent | DAFLstan | e FHigh ves N late reader al | No ves Cold be 6. Yerushalmy, O. et al. The Israeli Phage Bank (IPB). Antibiotics 9,269 (2020).
All wells tested have reached a decay due to anerobic conditions of growth in calScreener,and a limited combined Figure 3. Live Dead staining of pre-grown biofilm treated with different
amount of oxygen. In specific cases bacterial regrow and adaptation have been recognized (Fig. 1 A, B, D). 4 Extracellular . Fluorescent .. . phages at the described concentrations (A), overall GFP fluorescence
measurement starts after a period of 1 hour due to the calScreener protocol, demanding that post treatment, Fluorescent |Biolignt 680} = ° High e A plate reader — AR e ?]bsorbed from the different treatment groups (B), overall RFP
plate wells will be assembled into titanium wells, and their leads sealed using a screwdriver. uorescence absorbed from different treatment groups (C). both Live
"o BT and Dead stains were able to differentiate between different phages ACKNOWLEDGEMENTS
A1 and different concentrations. Figure 4. Biolight 680 staining,
W F 'The ability to differentiate between the same phage at different PFUs, and the ability to differentiate between Crystal Violet (CV) staining of pre-grown biofilm treated with different  targeted at extracellular
" -, different phages. phages at the described concentrations. This methods was not able to  matrix. (A-B) Biolight staining . _ _ _
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*Real time is only possible if conducting a tme series experiment, as described in Fig. 2 C-D. differentiate between 3 of 5 phages tested (E). treated biofilm (B)




