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Overuse and Misuse of Antibiotics Results in Antibiotic Resistance

RESISTANCE CRISIS

By 2050, antimicrobial resistance could be responsible for 1.91 million
deaths per year. Mortality is projected to rise by around 70% among people
aged 70 and older, but will continue to fall in young children and babies,

I Neonatal Postneonatal M 1-4 years M 5-14 years
15-49 years [ 50-69 years M =70 years

Deaths (millions)

1990 2000 2010 2020 2030 2040 2050
©nature

Naddaf, M. 40 Million Deaths by 2050: Toll of Drug-Resistant Infections to Rise by 70%. Nature 2024
nicrobial Resistance 1990-2021: A Systematic Analysis with Forecasts to 2050. The Lancet 2024,



Bacteriophages Are Viruses That Infect Bacterial Cells and are Used In
Phage Therapy

Bacteriophage Binding to Cell Receptors
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Phage Selective Pressure May Induce Phage Resistance and Increased
Antibiotic Sensitivity
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Does P. chlororaphis 14B11 Evolve Resistance to Phage PC2?
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Does Phage Resistance Result in an Increased Antibiotic Sensitivity

to ampicillin (AMP)?
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Phage-resistant Colonies Showed a ~ 2.5-fold Increase in
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Mutations in the OMP Results in Phage Resistance and Increased Antibiotic
Sensitivity

Q Phage
Resistance

\\ Ch:\:n:otsomal (I 1111 1XJ ”3:‘
utation
> SROYLCONBEY
P. chlororaphis 14811 @&

T Antibiotic Sensitivity

Image made with BioRender

Chan, B. K.; Sistrom, M.; Wertz, J. E.; Kortright, K. E.; Narayan, D.; Turner, P. E. Phage Selection Restores Antibiotic Sensitivity in MDR Pseudomonas Aeruginosa. Sci Rep
2016, 6, 26717. hitps://doi.org/10.1038/srep26717.



https://doi.org/10.1038/srep26717

>P.C
>P.A
Consensus

>P.C
>P.A
Consensus

>P.C
>P.A
Consensus

>P.C
>P.A
Consensus

P.
P.

g o

Is There a Homologous OMP Gene in P. chlororaphis 14B11?
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OYGYTLGTTANELDLFGRLRSLRDOALEQYLATEQRQRSAQTTLYASYATAYLTLKADDAQLOLTKDTLGTYOKSFDLTORSYDYGYASALDLROAOTAYEGARATLAQYTRLYAODONALYLLLGSGIP
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ANLPQGLGLDAQTLLTEVPAGLPSDLLAORRPDILEREHOLHARNASIGARRAAFFPSISLTANAGTHSRALSGLFDAGSGSHLFQPSINLPIFTAGSLRASLDYAKIQKDINYAQYEKATIQTAFQEYADGL
ANLPqgqgl. dadLLsE1PAGLPS #LLARRPDILaAEH#LKARNASIGARRAAFFPSISLTANAGT#Sr #3gGLFdaGSGsH1FaPqINiPIFnAGSLRASLDYaKIOKDINYAQYEKAIQTAFQEYaDGL
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Seqguence Alignment Reveals the AdeC gene is a Homologous
OMP gene in P. chlororaphis 14B11

chlororaphis 14B11 AdeC proteln sequence
aeruginosa OprM protein sequence



The adeC Gene was able to be Amplified in Parent 14B11 and Phage-
resistant Colonies, via PCR and Gel Electrophoresis

~1.6Kb




Is the AdeC Gene Altered When Bacteria Develop Resistance Under
Selective Pressure From Phage PC2?
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| I
CGTTGACGARGTCACGC TGGGCCTRCARCTGL TGGTTGTAGGTC TRGCGTGLGGCCAGGCCATCGEAGACTTCCTGGAAGGCGGTCTGGATGGACTTCTCGTACTGCGCGACGTTGATGTCTTTCTGGAT
GTTGACGARGTCACGC TGGGCCTGCAACTGC TGGTTGTAGGTCTGGCGTGCGGCCAGGCCATCGGAGACTTCC TGGARGGCGGTCTGGATGGACTTCTCGTACTGCGCGACGTTGATGTCTTTCTGGAT
LGTTGACGAAGTCACGCTGGGCCTRCARCTGCTGGTTGTAGGTCTGGCGTGLGGCCAGGCCATCGGAGACTTCCTGGARGGCGGTCTGGATGGACTTCTCGTACTGCGCGACGTTGATGTCTTTCTGGAT

131 140 150 160 170 180 190 200 210 220 230 240 250 260
I I
TTTCGAGTAATCCAGGC TGECGCGCAGGL TRCCGGLGT TGARGATCGGGATATTGATC TRCGGCGLGAACGACCAGGTGLCCGAGCCGCCCTTGARCAGGCCGCCCATATCCGGGCTCARGGTCCCGGCA
TTTCGAGTAATCCAGGE TGRCGCGLAGGL TRCCGGLGTTGARGATCGGGATATTGATCTGCGGCGLGARCGACCAGGTGLCCGAGCCGCCCTTGARCAGGCCGCCCATATCCGGGCTCARGGTCCCGGEA
TTTCGAGTAATCCAGGC TGGCGCGCAGGL TRCCGGLGTTGARGATCGGGATATTGATC TGCGGCGLGAACGACCAGGTGLCCGAGCCGCCCTTGARCAGGCCGCCCATATCCGGGCTCARGGTCCCGGEA

261 270 280 290 300 310 320 330 340 350 360 370 380 390

I I
TTGGCGGTCAGGCTGATGCTCGGGARGARCGCCGCGLGTGCCGLGCCARTACTGGCGT TRECGGCTTTCAGGTTGTGLTCGGCGGCGAGGATGTCCGGACGECGT TGCAGCAGT TCLGACGGCAGGLLGE
TTGGCGGTCAGGCTGATGCTCGGGARGAACGCCGCGCGTGLCGCGCCARTACTGGCGT TGGCGGCTTTCAGGT TGTGLTCGGCGGCGAGGATGTCCGGACGECGT TGCAGCAGT TCCGACGGCAGGCLGG
TTGGCGETCAGGCTGATGC TCGGGARGARCGCCGCGLGTGCCGLGCCARTACTGGCGT TRECGGCTTTCAGGT TGTGLTCGGCGGCGAGGATGTCCGGACGECGT TGCAGCAGT TCCGACGGCAGGCLGE

391 400 410 420 430 440 450 460 q70 480 490 500 510 520
I I
CGGGCARCTCGCTGAGCAGGTCGGCCGACARCGGC TGCGGGCTCGGCAGGT TRGCCGRGATCGAGGTACCCAGCAGCAGGGTCAGGCTGT TTTCGTCCTGGECCACCTGECGAGTATARCGCGLCAGTTG
CGGGCARCTCGCTGAGCAGGTCGGCCGACARCGGC TGLGGGCTCGGEAGGT TGGCCGRGATCGAGG TACCCAGCAGCAGGGTCAGGCTGT TTTCGTCCTGGECCACCTGECGGGTATAARCGCGCCAGTTG
CGGEGCARCTCGCTGAGCAGGTCGGCCGACARCGGC TECGGGCTCGGCAGGT TRGCCGEGATCGAGE TACCCAGCAGCAGEGTCAGGCTGT TTTCGTCCTGGECCACCTGECGGGTATAARCGCGLCAGTTG

521 530 540 550 560 570 580 590 600 610 620 630 640 650
I I
CACCCGGECGTTTTCCACCGAGGTCCGCGCCTGGCTCAGGTCCAGGGCCGAGGCCACGLCGACTTCGT TGCTGLGCGAGGTGAGGCGGTAGCTCTCCTCGTAGGCCGCCAGGGRTGTCCTGGGTCAGCTTG
CACCCGGECGTTTTCCACCGAGGTCCGCGCCTGGCTCAGGTCCAGGACCGAGGCCACGCCGACTTCGT TRCTGCGCGAGETGAGGCGETAGCTCTCCTCGTAGGCCGCCAGGRTGTCCTGGGTCAGCTTG
CACCCGGECGTTTTCCACCGAGGTCCGCGCCTGGCTCAGGTCCAGGGCCGAGGCCACGLCGACTTCGT TGCTGLGCGAGETGAGGCGETAGCTCTCCTCGTAGGCCGCCAGGGTGTCCTGGGTCAGCTTG

651 BBO 670 680 630 00 o 720 730 740 750 760 FH0 780

I I
AGCAGTTCCTTGTCGGCCTGCCAGGTCAGGTAGGCGTTGGCCACGE TRGCCACCAGGLTGATCTGLGTGCTGLGCCGGGLTTCTTCGL TRGAGARGTAGGTC TGCARGGLCTGCTCGCTCAAGL TGCGAR
AGCAGTTCCTTGTCGGCCTGCCAGRTCAGGTAGGCGTTRRCCACGE TRGCCACCAGGL TGATCTGLGTAGCTGLGCCGGGLTTCTTCGL TRGAGARGTAGGTC TGCARGGLCTGCTCGCTCARGL TGCGAR
AGCAGTTCCTTGTCGGCCTGCCAGGTCAGETAGGCGTTRGCCACGL TGGCCACCAGGL TGATCTGLGTGCTGLGCCGGGLTTCTTCGL TGGAGARGTAGGTC TGCARGGLCTGCTCGCTCARGL TGCGAR

781 790 800 810 820 830 840 850 860 870 880 890 900 910
I I
CGCGACCGARCAGGTCCAGCTCATARGCACTGACACCCAGGGT TRCCGAGTACT GGCTGGAGATGECCGCTTCACCGGTCTGCGACARCCGTGCCGGGGETACGT TGACGECTGCCGLTGLCGT TGGCCGA
CGCGACCGARCAGGTCCAGCTCATARGCAC TGACACCCAGGGT TRCCGAGTACTGGC TEGAGATGECCAGCTTCACCGGTCTGCGACARCCATGCCGGGGETACGT TGACGECTGCCGLTGCCGT TGGCCGA
CGCGACCGARCAGGTCCAGCTCATARGCAC TGACACCCAGGGT TRCCGAGTACTGGC TEGAGATGECCGCTTCACCGGTCTGCGACARCCGTGCCGGGGTACGT TGACGECTGCCGLTGCCGT TGGCCGA

a1 920 930 940 950 960 970 980 990 1000 1010 1020 1030 1040
I I
ARCCGCCGGGARCAGGTCCGCGLGLTGGATCTGGTACTGLGCGECGTAGGCGTCGATGTTCAGCGCCGLGACCCGLAGGTCGCGGTTGTTCACCAGCGLGGTCTGGATCAGC TGCTGCAGGGCAGGGTCA
ARCCGCCGRGAACAGGTCCGCGCGL TGGATCTGGTAC TRLGCGECGTAGGLGTCGATGTTCAGCGLCGLGACCCGCAGGTCGCGGTTGTTCACCAGCGLGGTCTGGATCAGE TGCTGCAGGGCAGGGTCA
ARCCGCCGRGAACAGGTCCGCGCGL TGGATCTGGTAC TGCGCGECGTAGGLGTCGATGTTCAGCGLCGLGACCCGCAGGTCGCGGTTGTTCACCAGCGCGGTCTGGATCAGC TGCTGCAGGGCAGGGTCA

1041 1050 1060 1070 1080 1090 1100 1110 1120 1130 1140 1150 1160 1170

I I
TGGAAGAACTGCCGCCAGCCCTRT TCGGLGRCTGCCTRAT TGGCAGCCTCCGCAGGCGARTAGGCCGGLCCTTRCGGGTATTGLGCCGCGACCGELGCTTGLGGC TGCTGATARTCCGGTATCAGCGAGE
TGGAAGAACTGCCGCCAGCCCTRT TCGGLGRCTGCCTGAT TGGCAGCCTCCGCAGGCGARTAGGCCGGLCCT TRCGGGTATTGLGCCGCGACCGELGETTGLGGCTGCTGATARTCCGGTATCAGCGAGE
TGGAAGAACTGCCGCCAGCCCTRT TCGGLGRCTGCCTGAT TGGCAGCCTCCGCAGGCGARTAGGCCGGCCCTTRCGGGRTATTGLGCCGCGACCGRCGCTTGLGGCTGCTGATARTCCGGTATCAGCGAGE

1171 1180 1190 1200 1210 1220 1230 1240 1250 1260 1270 1280 1290 1300
I I

ARCCACTCAGCACGGCGGCGGTGATTGCGAGGGAGAGTAGCGACTTGCTCATTGGCCAGCCTCTTCAGGAGT TTCAGTAGTTTGCGCTTCATCTGCCT TGCGACGACCCATCTTGGACACGGTGACGARG
ARCCACTCAGCACGGCGGCGGTGATTGCGAGGGAGAGTAGCGACTTGCTCATTGGCCAGCCTCTTCAGGAGT TTCAGTAGTTTGCGCTTCGTCTGLCT TGCGACGACCCATC T TGGACACGGTGACGARG
ARCCACTCAGCACGGCGGCGGTGATTGCGAGGGAGAGTAGCGACTTGCTCATTGGCCAGCCTCTTCAGGAGT TTCAGTAGTTTGCGCTTCATCTGCCT TRCGACGACCCATCTTGGACACGGTGACGARG

1301 1310 1320 1330 1340 1350 1360 1370 1380 1390 1400 1410 1420 1430
I I
ARCARAGGCACCCAGARTATCGCCAGGACAGT CGCGGTGAGCATACCGCCARTCACCCCGGTACCGATCGCATGCTGGCTACCCGAGLCTRCGCCGGTGGAGATGGCCAGCGGTACCACACCGAGCACGA
ARCARAGGCACCCAGAATATCGCCAGGACAGT CGCGGTGAGCATACCGCCARTCACCCCGGTACCGATCGCATGCTGGCTACCCGAGLCTGCGCCGGTGGAGATGGCCAGCGGTACCACACCGAGCACGA
ARCARAGGCACCCAGAATATCGCCAGGACAGT CGCGGTGAGCATACCGCCARTCACCCCGGTACCGATCGCATGCTGGCTACCCGAGCCTGLGCCGGTGGAGATGGCCAGCGGTACCACACCGAGCACGA

1431 1440 1450 1460 1470 1480 1430 1500 1510 1520 1530 1535

I I
AGGCCAGGGAGGTCATGATGATCGGACGLAGACGCATGCGGCAGGC TTCGATCGCCGLGTCCACCAGGL TGCGACCCTGLTCGTGCAGTTCCTTGGLGAACTCGA
AGGCCAGGGAGGTCATGATGATCGGACGCAGACGCATGCGGCAGGC TTCGATCGCCGLGTCCACCAGGL TGCGACCCTGCTCGTGCAGTTCCTTGGLGAACTCGA
AGGCCAGGGAGGTCATGATGATCGGACGCAGACGCATGCGECAGGCTTCGATCGCCGCGTCCACCAGGC TGCGACCCTGCTCGTRCAGTTCCTTGGCGAACTCGA
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Lack of AdeC gene Mutations Suggests There are Other Mutations that Confer
Phage Resistance and Increased AMP Sensitivity

In the AampD AdedA4 strain:
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Future Directions

* Are the DedA and AmpD genes mutated in phage resistant
colonies and are there other gene mutations that are
contributing to phage resistance and increased AMP sensitivity?

« Specific gene sequencing and Whole Genome seguencing

* |s there similar increased antibiotic sensitivity shown in other
penicillin class antibiotics?
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Growth Curve Determined Phage-Resistant Mutants Acquired No
Growth Mutations
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One Mutant Colony Displayed Mutations to the AdeC Coding Sequence

i a0 210 30 L 50 60 o a0 90 100 110 120 130

1 1

>14B811 CGITGACGAAGTCACGC TGGGCC TGCAACTGC TGG T TG TAGGTCTGG———CGTGCGGCCAGGCCATCGGAGACTTCCTGGAAGGLG
>Sanple GGAGAGTAGCGACTTGCTCATTGGCCAGCCTCTTCAGGAGTTTCAGTAGTTTGCGCTTCGTCTGCCTTGOGACGACCCATCTTGGACACGGTGACGARAGAACAAAGGCACCC—AGAARTATCGCCAGGACAH
Consensus srrrrrrmrarrrrrmrrrrmrrrrnnsrrnnrrrnrnnsnrsnseadilaacgaaGecalGecgGeCeTGCLaACgalCccaTegTaGacacGh. « .ChaacaaCaflaGeCAcCe . AGARaTacCgecAaGaCa
131 140 150 160 AF0 180 190 2000 210 220 230 240 250 260

1 1

>14B11 GICTGGATGGACTICTCGTACTGCGCGACGTTI———GATGTCTITCTGGATTTTCGAG——TAATCCAG————GCTGGCGCGCAG——————————— GCT—GCCGGCGT TGAAGATCGGGAT—ATTGATCTGC

>Sanple GICGCGGTGAGCATACCGCCAARTCACCCCGGTACCGATCGCATGCTGGCTACCCGAGCCTGCGCCGGTGGAGATGGCCAGCGGTACCACACCGAGCACGAAGGCCAGGGAGGTCATGATGATCGGACGCA
Consensus GICgcGaTGaaCaTacCGoaaagCaCcaCGe T, .. .GATegCaTgCTGGaTaccCGAG. . TaagCCah., ... .GaTGGECcaGCal. . cecasa s e GCa.GaaGGElcagGalGaTCagGAT .ATecGaaCgca

26561 270 250 290 L1 T ] 310 F20 I3 340 350 360 FIF0 Ie0 390

1 1

>14B11 GGCGCGAACGACCAGGTGCCCGAGCCGCCCTTGAACAGGCCGCCCATATCCGGGEC TCARGGTCCCGGCATTGGCGG TCAGGL TGATGL TCGGGAAGAACG—————CCGCGCGTGCCGCGCCA—ATACTGG
F»Sanple GACGCATGCGGCAGGCTTCGATCGCCGCG—TCCACCHGGCTGCGACCC TGCTCGTGCAGTTCCTTGGCGAAAAACGCCATTCTGATCGTCGAGT TCGCCARGGAACTGCACGAGCAGGGTCGCAGCCTGG
Consensus GalCGCaaaCGaCaaGeTglcagaGCCGle . TecAaCAGGCeGicaacaTecCgeGegCAaggecCocGGCaaaaaacGcCAggC TGATecTCGaGaacaalCa. .« . . .CoGCaCGaGCaGeGoeCa..AgaCTGG

391 A AL 420 430 A40 A0 A5G0 470 480 A90 S0 510 520

1 1

>14B811 CGITTGGCGGCTTTICAGGTTGTIGCTCGGCGGCGAGGATGTCCGGACGGCGT TGCAGCAGT TCCGACGGCAGGC—CGGCGEGCAACTCGC TGAGCAGGTCGGCCGACAACGGL TGCGGGET——CGGCA———G
»Sanple TGGACGCGGCGATCGAAGCCTGC—-CGCATGCGTCTGCGTCCGATCATCATGACCTCCCTGGC—CTTCGTGCTCGGTGTGGTAC—CGLTGGCCATCTCCACCGGECGCAGGC T-CGGGTAGCCAGCATGCG
Consensus cGgacGCGECgaTCaaagee TG . ChcagGliGacgacGTCCGaaCagCaTgaCagCacTgel .. .Cgglaghl . CGGcGgGoafAC .CGCTGacCAgeTCcaCCGaCaaaGGCT .CGGGea. .CaGCA. . .G

521 530 S0 550 560 570 580 590 GO0 610 620 B30 G40 550

>148B11 GTTGE——CCEGGHTC————GHEGTH————CCCHGCHGCHG———— —————— TCAGGCTGTTTTCGTCCTGGEGCCACC—TGGECGGGTHTAACGCGCCA—GTTGCACCCGGE—GCGTTTTCCHCCGAGG— TC
>Sanple HTCEETHCCEEGGTEHTTGEEEETHTEETCHCEECGHETGTCCTEGCEHTHTTCTEGGTEEETTTETTCTTEETCHEEGTGTEEHHEHTEGGTEETCECHHGGCHEHEGHHECGCHHHETHETGHHHETE

Consensus aTcGh. .CCGGGaTc. . . .GaGGTA. ~CaCaGCaaCaG....GG. ~TCaGGecTGeecTTeGTecCTegcGeCACC . TGgCcaagATaacglCGolCa. aagGlAcalGa..G0GecaaaCcACeGAaa.TC
651 [=151] 670 680 690 Foo Flo Fao F30 FAO FHo Fe0 FFO Fa0o

1 1

>14aB11 C————-GCGCCTGGCTCAGGTCCAGGGL ————CGAGGCCACGCCGACTTCGTTGL TGOGE ———GAGG TGAGGCGGTAGC TC———TCCTCGTAGGCCGCCAGGGT——GTCCTGGGTCA—————— GCTTGAG
>Sanple CTGAAGAGGC TGGCCAATGAGCAAGTCGCTACTCTCCCTCGCAATCACCGLCGCCGTGCTGAGTGG T TGCTCGCTGATACCGGAT TATCAGCAGCCGCAAGCGCCGGTCGCGGOGCAATACCCGCAARGGG
Consensus C....GaGeCTGGCcaAgGacCHaGgl ... .CgagclCCalGlaaaCacCGeecGlecGoeGl. o .GabETgacgCGeTaacal. . . . TecalTCagaaGCOGCaAGeGe .. .GTCceGGegCAL - o o o o GCaaGaG
Fal Fao e Lol ] 810 820 830 840 850 860 870 BEO aa90 b Lo i ] 10

1 1

>14aB11 CAGTTCCT T——GTCGGC ————— CTGCCAGGTCAGGTAGGCGT TGGCCHCG—CTGGCCACCAGGC TGATC T G———————| CGTGCTGC—GECGGGEETT—CTTOCGC TGGAGAHAGTA————GGTCTGCAAGGC
>Sanple CCGGCCTATTCGCCTGOGGAGGC TGCCAR—CCAGGCAGCCGCCGAACAGGGC TGGCGGCAGTTC T TCCATGACCCTGCCCTGCAGCAGC TGATCCAGACCGLCGC TGGTGAACAACCGCGACC TGOGGGTC
Consensus CaGgcCcal..GeCpGC. ..o CTGCCHa.cCAGGocAGeCGoecGaaCAcG.CTGGCcaCaaggCTgacalGe o o o o o o CcocTGCaGl .GCcGagleca. . CegCGCTGGaGAAcad. - . .GacCTGCaaGgC
911 a9z0 30 p: B L] 950 a60 7o g0 990 1000 4010 A0 1030 A0

1 1

>14811 —CTGCTOCGCTCAAGC TGCGAACGCGACCGAACAGGTCCAGCTCATAAGCACTGACA————-CCCAGGGTTGCCGAGTACTGGC TGGAGATGGCCGCTTCACCGGTCTGCGACAACCGTGCCGGGGTACGTT
>Sanple GLCGGCGCTGAACATCGACGCCTACG—COCGOGCAGTACCAGATCCAGCGLCGLCGGACCTGTTCCOCGGCGGT TTCGGCCARCGGCAG—CGGCAGCCG——TCAACGTACCCCGGCACGG T IGTCGCAGACCGG T
Consensus .CgGlglCgcaaadglCgalCGaacalCG.CCGaaCAGgaCCAGalTCaaaaGCaCgGACa. . . .CCCaGeGgTgcCGaccAacGGlaG . aGacaGCCG. . TCAaCGgalCccCGaCAaccg TGeCGeaGaaCGe T
101 1050 L0EO 1070 1080 1090 1100 1140 1120 1130 1140 1150 1160 1170

1 1

>14811 GA——CGGCTGCCGC—TGCCGTTGGCCGAARACCGCCGGGAACAGGTCC——GCGCGCTGGATCTGGTACTGCGEG——————————————| GCGTAGGCGTCGATG————————— TTCAGCGCCGCGACCCG——
>Sanple GAAGCGGCCATCTCCAGCCAGTACTCGGCARCCCTGGGTGTCAGTGCTTATGAGEC TGGHCC TGT TCGGTCGCGT TCGCAGC T TGAGCGAGCAGGCCT TGCAGACCTACTTCTCCAGCGAAGAAGCCCGGIC
Consensus GA. .CGGCcacCglC.aGlCagTaccCGaalaCcCoGGGaacaaGTcl. .acGaGCTGGACCTGE TacgglGlG. @ v o v e e e e e e e e e GaGoAGGCcTocGaal.e « o v o o o - o TcCAGCGaaGaaalCCCG. .

1171 1180 1190 1200 1210 1220 1230 1240 1250 1260 41270 1280 1290 1300
1 1

>14811 —CAGGTCGCGGTT—— —GTTCACCAGCGCGGTCTGGATCAGCTGCTG-CAGGGCAGG——GTCATGGAAGAACTGCCGCCAGCCCTGTTCGGL ——GGECTGCCT————GGTTGGCAGCCTCCGCA——
>Sanple GCAGCACGCAGATCAGCCTGGTGGCCAGCGTGGCCAACGCCTAC-—CTGACCTGGCAGGCCGACAAGGAACTGCTCAAGCTGACCCAGGACACCCTGGCGGCCTACGAGGAGAGC TACCGCCTCACCTCG
Consensus +CAGcaCGCaGaTl .. ... ..GglcaCCAGCGeGGcCaacacCaalC. .CTG.CagGGLCAGE. . GaCAaGGAAcaaCTcaaGCocaaCCCaGgaCacC. .GGCgGLCT. . . .GGagaGCaaCCgCCgCH. - o .

1301 1310 1320 1330 1340 13590 1360 1370 1380 1390 A0 1410 1420 1430
1 1

>14B811 ==—=GGCGARTAGGCCGGC=——==CCTTGCGGGTATTGCGCCGCGACCGGCGCTTGCGGC TGCTGATAAT——CCGGTATCAGC——GAGCAACCACTCAGCACGGLGGE ——————— GGTGATTGCGAGGGAGA
>Sanple CGCAGCAACGAAGTCGGCGTGEGCCT——CGGCCCTGGACCTGAGCCAGGCGCGGACCTCGGTGGAARAACGCCCGGGTGCAACTGGCGCGTTATACCCGCCAGGTGGCCCAGGACGAAAACAGCCTGACCCT
Consensus + s sabCalaglaGoCG6G0. . . .CCT. .CGGoccalgGacCoGabGaCaGEiGhggaCogCeGogGAalAc. . CCGGgagCAalC. . GaGCaacaaacCaGCaaGGoGEl. . . .« - - .GaaaAcaGCcaGacaca

1431 1440 150 1460 1470 1480 1490 15000 1510 1520 1530 15940 1550 19560
1 1

>1d4dB11 GTAGC—-GACTTGCTCATT———-GGCCAGCCT——————— CTTCAGGAGTT—-TCAGTAG—————— TTTGCGCT T————CGTCTGCCTTGCGACGACCCATC T TGGACACGG TGACGAARGAACARAG———————
>Sanple GCTGCTGGGTACCTCGATCCCGGCCAACCTGCCGAGCCCGCAGCCGT TGTCGGCCGACCTGCTCAGCGAGT TGCCCGCCGGCCTGCCGTCGGAACTGC TGCAACGCCGT-CCGGACATCCTCGCCGCCGH
Consensus GoabGl.GacTacCTCaaT. .. .GGCCAaACCT. ... ..CegCAGeaGTT . TCaGeah., ... ..TcaGCGagT. .. .CeelgGCTgeCGaCGaaaCagCTgeaACaCeGT ., aCGaAcAaCaaalG. . « « +« -

1561 1570 1580 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680 1690
1 1

>1dB11 GCAC——CCAGAATATCGCCAG—GACAGTCGLGGTGAG—CATAC—CGCCARTCACCCCGGTA—————— CCGATCGC——ATGCTGGCTACCCGAGC CTGC—————| GCCGG——TGGAGATGGCCAGC——-GGT
>Sample GCACAACCTGAAAGCCGCCAACGCCAGTATTGGCGCGGCACGCGCGGCGTTCTTCCOGAGCATCAGCCTGACCGCCAARTGCCGGGACCTTGAGCCCGGATATGGGCGGCCTGTTCAARGGGCGGCTCGGGE
Consensus GCAC, .CCaGARaacCGCCAa . GaCAGTagcGGeGal . CAcal . CGecCaaTCacCCCGaga. « « » » - CeGAcCGE ., . ATGCeGGcaaCeeGAGCCeGE . .« . - . GeCGhG. . TGgacAaGGeCaGl. . . GG

1691 1700 1710 1720 AF30 41740 1750 1760 AFF0 1780 41790 1800 1810 1820
1 1

>1dB11 ACCACACCGAGCACGAAGGCCAGGGAGGTCATGATGATCGGACGCAGAC—GCATGCG—GCAGGC TTCGATCGCCGCGTCCACCAGGC TGCGACCCTGCTCGTGCAGTTCCT——TGGCGAACTCGA
>Sample ACCTGGTCGTTCGOCGCCGCAGATCAATATCCCGATCTTCA-ACGCCGGCAGCCTGCGOGCCAGCCTGGATTACTOGAAARATCCAGAARAGACATCAACGTCGCGCAGTACGAGAAGTCCATCCAGACCGCC
Consensus HACCacacChGagCaCGaaGoacAgecaflgaTCacGATcaTCa . ACGCaGat .GCaTGEG.GCaaGCeTeGATcaCococcaaaaalCAGaaaGacAcCaacc TCGeGCAGTaCca., cabgCeclaCcaGi. . ...

1821 1830 1840 1850 1860 AB8F0 1880 1890 1898
1 1

>14B11
FSanple TTCCAGGAAGTCTCCGATGGCCTGGCCGCACGCCAGACCTACAARCCAGCAGTTGCAGGCCCAGCGTGACTTCGTCAAL

Consensus B L L L L T

Sample = Mutant Colo



Phage-resistant Colonies Showed a Decrease in Antibiotic
Sensitivity to TET

Colony 1 Colony 2 Colony 3 14811 Colony 4 Colony5  Colony 6 14811

16 pg/mL m12.8 pg/mL ® 10.24 pg/mL m8.192 pg/mL
W 6.552 pg/mL m 5.243 pg/mL » Media + Bacteria m Media
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High AMP Resistance for 14B11 is Likely Due to Genetically Encoded 3-
lactamase Enzymes
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Mechanism of 3-lactamases
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Century. J Mol Biol 2019, 431 (18), 3472-3500. https://doi.org/10.1016/].jmb.2019.04.002.
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Penicillin Mechanism of Action
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Antibiotics kill bacterial cells through Inhibiting cell wall synthesis, protein
synthesis, DNA replication, and disrupting the cell membrane integrity

Disrupt Cell Membrane Integrity
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Zhang, F.; Cheng, W. The Mechanism of Bacterial Resistance and Potential Bacteriostatic Strategies. Antibiotic

Figure made with BioRender 2022, 11 (9), 1215. https://doi.org/10.3390/antibiotics11091215.
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Bacteria Form Resistance to Antibiotics via Efflux, Downregulation of
Membrane Porins, Inactivating Enzymes, and Modification to the

Target Site
Efflux of Antibiotics Out of Cell Downregulation of Membrane
Permeability
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Bacteriophage Resistance Occurs Through a Variety of Mechanisms, the
Main Mechanism is Alteration of Bacterial Cell Surface Receptors
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Image from: Hasan, M.; Ahn, J. Evolutionary Dynamics between Phages and Bacteria as a Possible Approach for Designing Effective Phage Therapies against Antibiotic-Resistant
Bacteria. Antibiotics 2022, 11 (7), 915. https://doi.org/10.3390/antibiotics11070915.
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