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Abstract

In an era of increasing multidrug resistance, phage therapy is a promising alternative to 1. Compare two methods of phage cocktail development and assess their ability to constrain the growth of of Phage-ReSlStaﬂt Mutants
conventional antibiotics. However, when phages are administered, there 1s a high likelihood : : - ]
. . . . Pseudomonas chlororaphis 14B11, a nonpathogenic bacterial soil 1solate.
that a subset of phage-resistant organisms will emerge. To prevent phage resistance from . . o . . . . G h of Ph Resi M Sequencing Efforts of Putative
emerging, phages may be combined in a cocktail of several phages. The aim of this thesis 2. Characterize phenotypic characteristics of bacterial organisms that have evolved to resist infection by the . rowth o nage- esistant Mutants Phage-Resistance Genes are
was to evaluate two previously described phage cocktail development methods to constrain hages included 1n a phage cocktail. is Reduced in the Absence of Phage :
b ’ S { pHas pHas Several ph j PCIMI Ongoing
the growth of Pseudomonas chlororaphis 14B11, a nonpathogenic environmental bacterial everal phage-resistant mutants ( ’ Previ I has sh that mutations i
isolate. (1) The “Step-by-step” approach incorporated phages that infect a wildtype SM4’ 1,2M1, 'fmd ;?;MZ) evoll;{ed . ] gZiZgolissIlfsiblis ff)r(z:vti,tfll ?n:cl:?laiilsrrllqss i
- - - - . » . . resistance against difterent combinations o ux )
organism arzld its (frobablebphage-r631;taﬁt mqtarits, and. (}111) the hESt range apprq?ch Selectlng Phages for Phage C Oth3115: TWO Appro aches bhage Comi ared to wildtype 14B11 LPS synthesis, and type IV pili may confer
Incorporated random combinations o1 phage 1solates with unique host-range specificity. S o ’ : ’ :
Subsequently, each cocktail was assayed for its ability to constrain the growth of wildtype phagfz-res.lstgnt Ionut.ants e>§h1b1ted growth ghage rzsmtancei.?CR priin ershwere
Pseudomonas chlororaphis 14B11, and the proportion of phage-resistant isolates was Two contrasting phage cocktail development methods (the “Host Range” approach and the “Step-by-Step” approach) were used to deficiencies in liquid medla, e\./en.when no CS1ghe to amp 1y putatlve phidge-
assessed after 10 hours of co-culturing bacteria and phage. Phage-resistant mutants were formulate a phage cocktail infecting P. chlororaphis 14BI11. phage was present. This trend indicates that rehsmtance.genes = Wlldtyspe 14B11 and
also assessed for their phenotypic and genotypic characteristics. The “Step-by-step” ” ” phage res1stapce may be acco'mpamed by p age.-lztezlstgrtl}tl mﬁl tants. .ezfen SENES PCR
approach was significantly more effective at constraining the growth of wildtype 14B11 Method 1: The “Host Range” Approach Method 2: The “Step-by-Step” Approach fitness costs in I chlororaphis. ASSOLIALE WILH PRASE-TESISNte WEIE
compared to the host-range approach. Sequencing efforts and analysis of mutations in The “Host Range” approach relies on the assumption that phages that The “Step-by-Step” approach selects phages for a cocktail that 1.25] amphﬁe.d and sequenged using caplllary
putative phage resistance genes are ongoing. infect a different range of hosts are likely to be genetically different infect a wildtype organism and its phage-resistant mutants. This pei o sequencing. Comput.atlor%al analys1s of
from each other and to bind to different host-cell receptors. method preempts the emergence of phage-resistant organisms = oy e amplicons for mutations is ongoing.
_ during phage therapy. - 27 /
Phages and Phage Therapy o s ol g e ’ 1. A panel pf phages was spot
tests. Each phage infected a different range ‘ was tested for its ability to inhibit the growth of ~ testefi agamst it “’"dty'?e .
of hosts; however, all 3 phages infected wildtype 14B11 A bactferlal isolate to detcermlne iy 7 S =4
wildtype 14B11 Vi \ which phages could induce S ¥
- 1hi - - ' : T . S bacterial lysis. Phage PC1 was Q :
The Rlse OfAntlblOtlc ReSlStance L . . Host Specificity PiagrICocktal Eomnations PC1 \\/ able to infect wildtype 14B11. ° 3 = 5%‘—=§_ ==
* The World Heath Organization predicts that antibiotic resistant will be one of the an 0.501 ‘ 10.0 kb
. . . .y o . . . ildtype
biggest public health threats in the twenty-first century [1], and antibiotic resistance is KA i P 1 2. Mutants evolved against
. H AV Cocktail 1 Al S the first phage (PC1). PCIM1 3.0kb
predicted to cause up to 300 million premature deaths by 2050 [2]. . T R N . 20kb
* Despite the recent rise of antibiotic resistance, the newest class of antibiotics was e X PC1 PC2 s g BN reslist:l"t mutants which ; Lok
. . . . : | k i t i t 2 - = *
discovered in the 1980’s. The following decades have since been dubbed the " " il pc1 o BT =3 10kb
“discovery void” [3]. Because the development of new antibiotic compounds is AL Biosts; PC;;; P&M: - ol 5 5 R % z
unlikely to match the rise of antibiotic resistance, alternative therapies are of 14811 14811 14811 e\ T P R Growth kinetics of wildtvne 14B11 and oh
‘ i - - . . .
increasing interest. |- |- PC1 PF7 presista ” mﬁta i PC1I\21.§ TOWHLKINEUEs o Vf.l %’pe N and phdage Agarose gel electrophoresis of PCR amplicons in
1888 39A2 W second phage (SI) was able to resistant mutants in liquid media wildtype 14B11
. = infect PCIM1.
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. Phage the.rapy uses bacteriophages ( f‘phages”.), the Virqses that infect bacteria, to | C OHC]“S]OHS and Futu re D]]‘ectlons
eradicate infections caused by bacterial organisms. During phage therapy, phages kill e il PCIM1 . - C lusi
bacterial organisms but do not harm human cells. Phage therapy is a potential fﬁ;n’:jaffj ;ﬁio:,'b:':,,a,fg ?nc usions ) . . o .
alternative to conventional antibiotics. . Y 5 i — p"lig.fffhaﬂ i:fected wit,f,tl},pe * “Step-by-Step” phage cocktails were more effective at constraining bacterial growth than
. ) o : . on R « ., : e : .
* Because phages use different mechanisms than antibiotics to infect their hosts, phages & wideoo 1agsy | €VOIved mutants, This cocktal Host Rangf cocktails 01:, 1nd1v1dpal phages. However, Fhe mechamsm promoting the
can be used to treat infections caused by antibiotic-resistant organisms [4]. PC1 PC2 PF7 - ) B Was dieidsed focon-uain efﬁca.cy of “Step -by-Step cocktails was not conﬁrme?d n t.h1s Work.
O Phage Cocktail g eroetiiofWic el IR 1L * Putative phage-resistance genes have been PCR amplified in wildtype 14B11 and four
. . . . . phage-resistant mutants. Computational analysis of mutations 1s ongoing.
= g:ll‘t;lsequently, the efficacy of each formulation was assessed by measuring how well each cocktail type constrained bacterial growth over Future Directions
\ ours. * Receptor-binding assays may reveal whether the phages included in each cocktail bind to
: different receptors.
The lytic cycle repeats as " /NI 66 99 ° ° . . . o
phage progeny infect Z?,Ztgjgﬁ?“{f;‘,’," = Ste 'b 'Ste Pha c COthallS C()nstl‘aln 1 4B 11 Gl‘OWth MO re * Whole-genome sequencing of phage-resistant mutants may provide a more holistic
other host bacterial cells P . . .
o picture of phage-resistance mutations.

Effectively than “Host Range” Cocktails

Phages PC1, PC2, PF7, and SI were selected for inclusion in phage cocktails. Each phage was assessed individually for its ability to
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* Resistance to phage can emerge over the course of phage therapy, rendering phage Cocktail 4 ' l
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