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ABSTRACT

Chronic inflammation arising from metabolic endotoxemia (ME) is currently a widespread
health concern with deep ties to the complex human microbiome -Grgative microbiota such
as Escherichia colipossess lipopolysaccharide (LPS), a potent endotoxinetiator of this
chronic inflammation. Covalent modification of LPS with phosphoethanolamine (PEtN) has been
shown to exacerbate this response, so understanding the genetic regulation of PEtN modifications
is essential to fully understanding ME. Differestitains ofE. coli, however, have a spectrum of
basal PEtN expression despite there being 100% DNA sequence conservation within the PEtN
modifying gene promoter itselfMethods to identify these strain specific alleles are thus needed.
We have construatiea twacomponent genetic reporter systentincoli K-12, a strain normally
silent for LPS modification, that allows us to introduce and positively select transposon linked
alleles from other strains dt. coli that specifically activate this modificatigpathway. By
coupling PEtN activation to cell growth, we have used Hgexteration sequencing analysis to
identify several putative alleles in strdin coli BL21(DE3) that are responsible for constitutive
expression of PEtN modifications. The reporteteysthat wehavedeveloped herean not only
be applied to rapidly analyze aiiy colimicrobiomeisolate in order to uncover specific PEtN

regulatory alleles, but also to other promoter elements of interest.
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Chapter 1

Introduction

The complex human microbiome is currently a subject of intense scientific scrutiny
because researaithis areaould lead to actionable, personalized treatment solutions for patients
with asof-yet urireatable illnesses. The constituents of this community as well as its diversity
have been discovered to play a role in human health. Characteristics of tmidrobiome
relationship have been implicated in chronic issues like diabetes, obesity, ati@ntes
cardiovascular diseases, the latter of which is predicted to claim the lives of over 23 million people
by 2030(1, 2). Gramnegative proteobacteria suchEscherichia colicommon inhabitants of the
gut microbiome, possess an otteembrane leaflet composed of lipopolysaccharide (LPS), also
called endotoxirf3). LPS is one of several bacterial products, such as peptidoglipzaichoic
acid, and flagellin, originating from the gut microbiota that can act as patfasgeciated
molecular patterns (PAMPS) to induce an innate immune respénSE The intestinal epithelia
normally exclude these PAMPs from the bloodstream. Yet, evidence suggests thafia dhigth
can induce increased pegability of the intestinal wall, leading inrtuto increased leaching of
LPSinto the bloodstreart4, 6) There, the LPS can intast with the Tollike receptor 4 (TLR4)
complex, a receptor in the innate immune system, specifically evolved to recogniaghtiye
conservedstructure of the Lipid A motif of LPS. After binding of TLR4 to LPS and receptor
oligomerization, TLR4 stimulas the production of downstream signal pathways that ready the

body for infection. One of the major modes of activation is througteNB=, a tr anscri pt
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Figure 1: TLR pathway.

An overview of the TLR4 signaling pathway that is i
to activate downstream pioflammatory an
immunological signals through several mediator:
binding LPS

that goes on to activate proinflammatory cytokines and Typ&eiferonq7, 8)(Figure 1).In the

case of increased intestinal permeability and increased LPS leaching, the TLR4 sensors can be
overstimuated to induce a chronic, low level of inflammati(® 10) This signal interaction

results in a chronic, loevel of inflammation that can cause increased oxidative stress and organ

damage, includingbut not limited to, cardiovascular disease, as mentioned above. This chronic
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inflammation caused by high serum LPS levels is a condition called metabolic endotoxemia (ME)

(1, 10)

E. coli is capable of differentially and covalently modifying its LPS, specifically the
immunereactive Lipid A component, with positivegharged functional groups. These
modifications include phosphoethanolamine (PEtN) and aminoarabings@ail), added by the

inner membrane proteingptA and arnT, respectively (Figure 2).These genes are under the
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Figure 2: LPS structure

The Lipid A portion of LPS showing the possible sites of modification addition. Rt anc
L-AraN (blue)can be added onto either phosphate in any combination

control of the basSR also calledpmrAB two-component system which activates these
modifications when the bacterium is exposed to irod*jFmildly acidic pH, fuminum, vanadate,
and growthlimiting magnesium(11, 12) The sensing proteirhasS detects these periplasmic

metal ions,Fe*'most strongly, with an ExxBmino acidmotif on a periplasmic domaiBasS
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autophosphorylates and then phosphorylates the transcription fza$® to engage LPS

modifying geneg12). Thesystem also responds to cationic antimicrobial peptides whose efficacy

are limited by neutralizing the negative surface charge of the bacterium with theseelyositiv

1.0E+07
—_ } OQ GKM502
) o )
= 8.0E+06 %
g C] <O=GKM499
5 6.0E+06 - O @]
=]
T 5 o TXM419
» 4.0E+06 -
¥ O0-TXM418
L
Z 2.0E+06 -
2 O
2 o TXMA402
< 0.0E+00 g Q--Q
o 100 1 0.01 0.0001 “O GKM374

LPS ng/ml
Strain PEtN Acylation State

GKM499 no tetra

GKM502 yes tetra

TXM418 no penta

TXM419 yes penta

GKM374 no hexa

TXM402 yes hexa

Figure3:NF-e B i nducti on

The data above demonstrate the relativeeNB I nduct i on
LPS concentratio for various constructs of LPS. The closed sh
represent PEtN modified LPS and the open shapes represent unn
LPS. The colors correspond to acylation states of the LPS. As |
digested, deacylases remove acyl chains before it is excretedispheity
of induction between modified and unmodified LPS is most notable at
acylation states, suggesting that digestion could actually increa
problem.

charged moietie€l3). It was shown that the PEtN andAtaN modifications confer resistance to

polymyxin B, currently a clinicalymportant antibiotic of last resofil1, 14)
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My lab groyp has determined that the PEtN modified LPS ligands dramatically increase

TLR4 receptor signaling and inflammatory cytokine secretion viseNgparticularly in under
acylated LPS chemotype varian(Bigure 3). We hypothesize that exacerbation of this
inflammatory response through a highly PHEtddified LPS population can further worsen the
symptoms of ME. Additionally, my lab has determined through mass spectrometric analyses of
LPS isolates from differerf. coli strains that endogenous PEtN modificatievels are highly
variable.E. coli BL21(DE3) (strain B lineagg was found to have an abundance of the above
modifications whileE. coliBW25113 K-12) was found to have virtually nor{g@5). Comparéve
analysis ofthe promoter regulatory regions thfe eptA and arnT genes between K2 and B
revealed no significant genetic differeac€urrently, no other global genetic regulators of this
system are known. Understanding the regulation of tflaefore the circumstances of induction

for, these LPS modifications is critical to understanding the pathology of ME. Elucidation of this
regulatory mechanism could pave the way toward understanding how microbiome diversity
contributes to human health.itWthis information, new treatments options may be available for

patients with ME.



Chapter 2

Reporter System Desigrand Construction

Background

In order to elucidate the genetic elements responsible for this regulation, | have
developed am vivorecombinationeporter system in af. coliK-12 background that will
detect induction of LPS modificationdly reporter system is a fusion of two previously
developed reporters: recombindsesed in vivo expression technology (RIVET) and selectable
in vivo expression thnology (SIVET)16, 17) The RIVET portion of the system consists of
the promoter for our genes of intsteoupled to the phage resolvase gene whose product
removes DNA between flanking resolution sites. Onceitdor arnT promoter is activated by
an external growth condition, mutation, or acquisition of an inducing allele through transduction
of foreignDNA (i.e. fromE. coliB), the strain expresses resolvase which can then interact with
SIVET. SIVET consists of a nonfunctional chloramphenicol resistance gene that has been
interrupted by a tetracycline resistance gene flanked by resolution sites. iféeg#eract with
the resolvase protein to remove tetracycline resistance and restore chloramphenicol resistance

only iftheeptAarnT driven RIVET promoter is activated (Figure 4). To this reporter, | will
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Figure 4: Reporter system schematic.

A workflow diagram demonstrating the interaction between the RIVET ca
located at thegimSlocus, and the SIVET cassette, located in gai locus
Construction of this system is covered in Chapter 2 while validation is cov
Chapter 3.

transduce random segments of DNA from a kdghsity transposon library constructedeincoli
B. We hypothesize that there exist genetic regulatory elemeit<oli B that are capable of
activating the promoters for modification when irtedrintostrainK-12. Colonies that have both

a transposon frorstrainB and an activated reporter will be sequenced by-generation
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Figure 5: Full experimental workflow.

A full workflow diagram of the experimental procedure followed herein. Fi
transposon library was generateddncoli B. This library was then transdegtvia
Plvir into ourE. coli K-12 reporter strain (Chapter 4). After selection for
transposorthe reporter library was then plated on chloramphenicol to select fo
bacteria that have an activated reportéenomic DNA was obtained from t
unchallenged reporter library and the chloramphersballenged library ar
submitted for nexgenerabn sequencing (Chapter 5).

sequencingNGS) in order to determine the global genetic elemerits @oli B that are
responsible for the constitutive expression of LPS modifications (FiguBaug)to the digital
nature of the reporter (i.e. chloramphenicol resisgtsnsitive), we propose that this system will

be able to identify weakly activating alleles. This offers a tangible beneitclassical gene
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expressionreporters uch as gr een f | uo r-galsctosidagddcy),rsioce e i n

the detection limit is not subject to assay sensitivitghforamphenicolesistantolony is

( GF

detected with the same effectiveness whether it arose from a strongly or weakly activating allele.

Rather, the frequency of chloramphenicol resistansengrwithin the population dictates

detection levels.

Results

First, we received strain K10447 from Dr. David Friedrflaniversity of Michigan)which
we then stocked as MYAS365. This strain
chloramphenicol r@stance ¢atR) gene bisected by the tetracycline resistaihe#y) gene with
flanking resolution sitegesC This cassette sits directly in front of tt&R gene promoter (7).
The entirecassettas located in thegyalK locus. The SIVET cassette was aifigdl with primers
AS553 and AS554 vi®@ CR  wi t hQ5°NHigBfidlaity DNA polymerase Q5 polymerase
PCR) The purified SIVET fragment was then electroporated Btacoli BW25113 (k12)
containing the temperatusensitive pKD46 plasmid which allows hologous recombination of
DNA fragments by phage @& Re & coliK-é2owithbtherSB/ETe
cassette, was dubbed MYAS382.

Next, we received plasmids from Dr. Andrew Cam(liufts University)that contained

par

(8).

portions of his RIVET 2.@ystem. Plasmids pGOA1193, pGOA1194, and pGOA1195 contained

the oriR6K pir productdependent origin of replication, ampicillin resistance bia and the
transcriptionallycoupled, promoterless resolvasepR a fyalactdsidaseldcz) genes. The

plasmds contained different versions ofpR with mutations in the ribosomal binding site
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(RBS)Y wild-type (TTTAGGA), mutl68 (TTTAAGA), and mutl35 (TTTGAGA), respectiviely

that allow the tuning of their expression level (6). Primers AS561 and AS562 were useddiy a
thetnpRlacZ cassette directly from the plasmids @& polymeras®CR Likewise, theeptAand
arnT promoters were amplified fronk. coli K-12 wild-type genomic DNAwith primers
TM466/467 and TM450/465, respectively. | digested a pUC19 plasmid vector, the promoter
segments, and thepRlacZ cassettes with compatible restriction enzgrfe end joining and
then coupled the three pieces with a thpeee, intermoledar ligation. This resulted in six unique
plasmids with each of the two promoters joined to each of the three versionmERdtiubbed
RIVET cassette). These plasmids were named pASCwt, pASC168, pASC135, pASHwt,
pASH168, and pASH135. These plasmids weeerth el ect ropor ated B nto
coli cellsanddubbed MYAS389, 390, 391, 392, 393, and 394, respectively.

We performed a series of plating experiments in order to determine which wiptRe
alleles was the most effective. If the resolvase gene resporsive, then there will be background

activation of our reporteiConversely, if the resolvase gene is not responsive enough, then we

Wild-type
mutl135
mutl1l68
pSEVA
vector tnpR135 - lacZ —_—-

eptA/arnT
promoter

Resolvase

[B-galactosidase

Figure 6: pSEVA plasmid map

The significant portion (RIVET) of the pSEVA plasmids transformed i
the SIVET-containing strain oE. coliK-12 to generate MYAS436, 437,
and 439 with emphasis on the various RBSs.

St
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could potentially lose activating alleles in the final experimgath of the threeptAtnpR(wild-

type, mutl35 andmutl68) cassettes were cloned into a pSEVA vector and transformed into
MYAS3829 the SIVET-containing strain o. coliK-123 in orderto generate strains MYAS436,
437, and 439, respectivelfigure 6) Each of these three strains were grown in either indueing o
nonrinducing mediadesigned tcendogenouslyactivate theeptA promoter.These formulations
were developed according to the environmental factors that are known to regulbts3ke
system(11, 12) For inducing conditions, we employed armiihimal media with a acidic pH,
limiting Mg?* concentration, and a high#&oncentration. For neimducing, we employed an-N
minimal meda with a basigpH and a limiting concentration of Mg(18). The strains were then
plated on either LB agar, LB agar witletracycline (5 pg/mL) (Tet5) or LB agar with
chloramphenicol (5 pg/mL) (Cat®) selecfor inactivated or activated reporteiithe experiment

was repeated in triplicate, the cell counts were normalized, and the data was averaged (Table 1).
The curing ratio, or the number of chlorampheniaslistant colonies over the sum of tetracycline
and chloramphenicatesistant colonies was calculated (TableVig ruled out mut1l68 because
the RBS was nofunctional and the geneas never able to express resolvase even under inducing
conditions. The wildype versionpossessed a higher backgroundeapression under nen
inducing conditions than mut13®hich possessed a desirable balance between high curing under
inducing conditions and low curing under rimclucing conditions. W ultimately chose to

proceed withnpRL35 in our reporter constructs.



Table 1: TnpR Allele Plating Assay

Inducing Media (CFU)

MYAS436 (wt) MYAS437 (135) MYAS439 (168)
Total (LB) | 9.21E+09 6.72E+09 7.92E+09
Tetb 6.67E+06 2.43E+07 6.96E+09
Cat5 8.18E+09 6.49E+09 0.00
Curing Ratio | 0.999 0.996 0.000

Non-inducing Media (CFU)

MYAS436 (wt) MYAS437 (135) MYAS439 (168)
Total (LB) | 5.76E+09 3.86E+09 3.60E+09
Tetb 8.73E+08 3.42E+09 6.61E+09
Cat5 2.66E+09 1.19E+08 0.00
Curing Ratio | 0.753 0.034 0.000

We tried a variety of methods amteutral lociinserton sites for the RIVET cassette in

MYAS 382, thegalK::SIVET-containing strain. Since, unlike the SIVET cassette, the RIVET

MCS
r
AL LIE

Helper

Delivery 4 olasmid

vector

Tn7R

Electroporate or conjugate into cells;
select Ab'

MCS
s
o Tz ==~ {Tn7i}—
Site- and orientation- ;; bp

specific chromosomal
integration

Figure 7: Tn7 delivery system.

An overview of the delivery system designed by Choi et al. that we used to del
promotefresolvase cassette into the SIMEontaining strain.
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cassette contains no selectable markess,attemptedo replace a prénstalled gentamicin

resistance gene in order to impart negative selection for transformatemakdgifferent loci, this

method failedWe ultimately emplojeda Tn#based transposition method developed by Choi et

al. (19, 20)(Figure 6) This method riges on thedelivery of twopir-dependent suicide plasmids,

one of which contains the cassette to be inserted and the other, the transposase. When both are
transformed into the target strain, the sipecific transposase will transfer the cassette into the
glmSlocus. The plasmids are then unable to replicate because they are no longier gtrain. |

received the two plasmids, pTNS2 (the transposase plasmidJ&IBR6Kmini-Tn7T-Gm (the

del i very pl asmid), and el ectroporatprdl6 t hem
electrocompetent.Ecoli to generate strains MYAIS1 and 492, respectivelyzrom these strains,

| was able to prepare larger quantities of shideplasmids. Primers Tm727 and Tm729 were

used tcamplify eptAtnpR135lacZ from MYAS391. This casste, along with puC18R6kini-
Tn7T-Gm, were digested with BamHI and Xhol restriction enzymes to generate unidirectional
compatible ends for intermolecular ligation. After ligation, this new plasmid wakectroporated

into MYAS382 (the SIVET strain) alg with the helper plasmid, pTNS2, ander to generate
MYAS510. MYAS510 is the complete reporter strain for the induction of PEtN modifications via
eptA The same procedure was used to generatartilereporter strain by extracting ttaenT-
tnpR135lacZ cassette from MYAS394 withrimers Tm728 and Tm729. This reporter strain was

dubbed MYAS590.
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Methods

Mediai Cells were grown in LB unless otherwise stated. Both inducing andhdoning media
contained Nminimal media (5mM KCI, 7.5mM (NE2SQs, 0.5mM KSQi, 1ImM KHPOy,
0.1mM TrisHCL, 0.2% glucose, 38mM glycerol, and 0.1% casamino acids in water). Inducing
media contained Minimal media at pH 5.8 with 10mM Mgand 100uM F&. Non-inducing

media contained Minimal media at pH 7.7 with 10mM Mg

Polynerase Chain ReactianAll PCRs were performed using New England Biolabs® Q5® High
Fidelity DNA Polymerase. The protocprbtocovas f ol
Extension time was adjusted based on the length of the desired DNA with approximately 20
secondsperk i | obase. The annealing temperature was
recommendation for primer@1). All future PCRs describedh this thesiswere similarly

performed.

Red Recombinase Transformation with pKD4Bacteria containing the pKD46 plasmid to be
transformed was grown overnight in [@B30°C and subsequently diluted 1:100 inrhBdia The

diluted culture was grown at 30°C for 2 hours or until the OD reached approximately 0.3 to 0.4.
L-arabinose (0.2%) was added and the culture was grown for approximately an hour or until the
OD was appximately 1.0. The culture was spun down for 5 minutes at 3000 RCF and the
supernatant was poured off. The cells were washed once with ice cold water and twice with ice
cold glycerol (10%). The cells were centrifuged again and all supernatant was refifevedlls

were resuspended in 70uL of glycerol (10%) and mixed thoroughly via pi@ebiel. of the

amplified DNA insert was added and the cell s v
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the cells were rescued with ImL LB media and grown f8rhburs at 37°C. The cells were then

plated on appropriate selection media and incubated overnight at 37°C.

Ligation i All DNA ligations were performed with New England Biolabs® T4 DNA Ligase
according to their protocol and specifications. Molar ratiosoADNwer e cal cul at ed u

NEBi oCal ¢@) at or E

Co-electroporation- 100uL of an overnight MYAS382 culture grown in LB media with
tetracycline (5pug/mL) was inoculatedto 10mL of LB media with tetracycline (5ug/mL) for 4
hours. The 10mL culture was centrifuged for 5 minutes at 300B and the supernatant was
poured off. The pellet was washed with 2mL of a 10% glycerol solution three times. The pellet
was then reconstited in 90uL of 10% glycerobOng eaclof the purifiedpTNS2andpuC18R6k
mini-Tn7T-Gm (containing either theptAor arnT cassettesplasmidswas added and pipette

mi xed. The cells were electroporated in a 2mm
with 1mL of LB media and incubated for 1.5 hours at 37°C. After incubati@nentire culture

was plated on LB agar plates with gentamilOug/mL) and HEPES buffer (20mM). After
choosing colonies, they were substreaked on chloramphenicol, tetracycline, and carbenicillin in
order to ensure that the cassettes had not cured and that the delivery plasmids w&he gbragn

was confirmedy sequencing.

tnpR Allele Assaly Each of the pSEVAontaining strains (MYAS 436, 437, and 439) were grown
overnight at 37°C in either inducing or romducing media, as described above. The OD of the

cultures was taken and the cultures were then diloyean appropriate factor for plating. 100 pL
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of each of the sistrains was then plated on either LB agar, LB agar teitiacycline (5 pg/mL)

or LB agar with chloramphenicol (5 pg/mL).
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Chapter 3

Reporter System Validation

Background

Now that the system hdmen constructed, it was employtedvalidate the initial theory
that that the difference in modification level betweethZand B was due to regulation of g@A
or arnT genesat the transcriptional leveAnother possibilg could have been that the lack of
modification on k12 was due to a straimique enzyme that facilitated removal after their
addition. In order to debunk thigje usedt h egaldetosidas@roducing gendacZ that is also
coupled to the promoters in th&VEET system Strains that produde galactosidase will react with
the substrate-aitrophenytb-galactoside (ONPG) to produce a yellow color in proportion to the
activity of lacZ This provides a quantitative link between the activity of our promoter and the
a b s or b a nwgaactosidasd réaetiombaddition to MYAS510 and MYAS590, both within
E. coliK-12,we generated two more strains by moving the RIMBGZ reportercassée by P1lvir
transduction intd. coliB. Since the pUC18R6#ini-Tn7T-Gm vector contained a gentamicin
resistance marker (GmR) that was also inserted during transposigongreable to select for
gentamicin in the transduction in order to move the RI\tAssette. TheptAcassette irkE. coli
B was dubbed MYAS591 and tlaenT cassette irk. coliB was dubbed MYAS604. These four
strains MYAS510, 590, 591, and 60%ere then grown in either LB as a control or one of two
media condition®utlined in Chapte2: i nducing for LPS modificati

noni nducing for LPS moidducing) @&. tTheoerpregsidnuldvdd efdhe i n o n
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promoters under each condition was then assessed quantitétneelgh the couplethcZ gene

via an adapted Miller ass&®3, 24)(Figure §.

Beforethe system could be used, ha&d to ensure both that it worked and that it operated
at a sufficient sensitivityTo test this, MYAS51@vas grownin both inducing and neimducing
media conditionsEach culture was then platedto LB agar, LB agar with chloramphenicol, and
LB agar with tetracycline in normalized amounts. The LB agar plates acted as a controléo ensur
that the total colonies on chloramphenicol and tetracycline are equal to the total before selection.
Theoretically, under inducing conditions, the strains should lose tetracycline resistance and gain
chloramphenicol resistance. Likewise, under-imatucing conditions, the strains should remain
tetracycline resistant and not gain chloramphenicol resistance. Therefore, | det¢neneasure
of curing the result of the reporter undergoing activation to become chloramphenicol
resistancé to be the ratio othloramphenicol resistance colonies over the sum of tetracycline and

chloramphenicol resistant colonidadure 10.

Results

The Miller assaghows fulllacZ activity for both reporter cassettestncoli B
irrespective of the media conditions. Conversbbth strains oE. coliK-12 only showedaczZ
activity when grown in inducing media conditionsalhthree media conditions and in each

strain there was roughly a fourfold increase in activity fordh@Tl cassett@vereptA
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B-Galactosidase Activity Assay under Various Growth

Conditions
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Figure 8: -ghlactosidase activity assay.

The activity oftheeptAor arnT promoter as determined by coupling widlcZ and assayir
v i egaldetosidase activity. The assay was performed on each of the two promoter
in eitherE. coli K-12 or B grown in inducing or neimducing media with LB as a control.

The curing assay demonstrated almost complete curing for both strains under inducing conditions

and nearly no curing under namducing conditiongFigure 8)
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Curing Ratios of Each Reporter under Inducing and Non-
Inducing Growth Conditions
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Figure 10: Curing ratio validation.

The results of the curing assay. Each strain was grown in inducing-maazing conditions ar
plated on LB as a control, tetracycline, and chloramphenicol. The results are averaged ¢
trials of each.

Discussion

When present itkE. coli K-12, neither theeptAnor arnT promoter displays any activity
when grown in LB or nofinducing conditions. These promoters only display activity when present
in strictly inducing conditiongConverselywhen the promoters are presenkircoli B, they show
constant activation, even under Aoducing conditions. These results demonstrate that there is a
genetic basis for the differential expression of LPS modifications betiesnii K-12 and Bthat

is unrelated to the promoter element itséheras eptA and arnT seem to be constantly
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suppressed in #2, theyare constitutively activevithin B (Figure 8) With this informationwe

could confidently move on to search for thetivating allelesn B that are responsible for this
effect.

The curing asay demonstrated that each of the two reporter strains possess very little
spontaneous curing of the reporter cassette in the absence of any inducing factor. Ultimately, this
bodes well for the level of background in the final experiment using the repgstem. Also, the
reporter experiences nearly 100% curing in the presence of inducing factors. Thd-tateeini0
demonstrate thahe reporter system approximates a digital, binary system where induction can
easily be differentiated from nanductionirrespective of inductive strength. It offers superiority
over spectrophotometiyased assays such as GteRipling, for example. Using a promceFP
cassette to identify activation of modifications relies on a fluorescence spectrum that imparts a
heavy lackground signal and relies on qualitative -afis to examine potential indung

conditions

Methods

Mediai Cells were grown in LB unless otherwise stated. Both inducing anéhdoning media
contained Nminimal media (5mM KCI, 7.5mM (NE2SQs, 0.5mM KSQi, 1ImM KHPOy,
0.1mM TrisHCL, 0.2% glucose, 38mM glycerol, and 0.1% casamino acids in water). Inducing
media contained Minimal media at pH 5.8 with 10mM Mgand 100puM F&. Noninducing

media contained Minimal media at pH 7.7 with 10mM Mg
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Miller Assayi An overnight culture of the desired strain was grown in inducing andnalcing

media. The culture was diluted 1:50 into the fresh media of the same type and@swOD of

0.5-0.6. Each culture was centrifuged at 5000 RCF for 2 minutksh@nsupernatant was poured

off. The pellets were then reconstituted in 2 mL A media (60mMRQs, 33mM KHPQs, 7.5mM
(NH4)2SQi, 1mM MgSQ-7H;0, 3.4mM Citric Acid-HO, pH 7 in water). The A media wash was
repeated once more. The cultures were then serially diluted by factors of ten in order to provide a
range of concentrations from which to obtain d&tlls were lysed by dilutingjOOuL of a given

cell dilution with 900uL Z buffer (ImM MgS®@7H20, 10mM KCI, 40mM NakHPQy-2H.0,

60mM NaHPQy, 5 0 mmkrcaptoethanol, pH 7 in water), 100uL chloroform, and 50uL 0.1%
SDS. This reaction was performed in duplicate for each concentration in order to provide enough
reaction mixfor ten timepoints. The reaction mix was vortexed vigorously for 10 seconds and
then incubated for 10 minutes at 30°C. The aqueous layer was transferred to a new tube. 200uL of
o-nitrophenyib-galactoside (ONPG) (4 mg/mL in A media) was added to eachiaeanixture

at the same time, the mixtures were briefly vortexed, and a timer was started. Beforetthefirst
pointat 5 minutes, 200uL of each reaction was aliquoted into rows ofvee86plate. At each b

minute interval, 83uL of N&£Os (1M) was addé to the successive column to quench the
reactions. The 9@vell plate was then spectrophotometrically analyzed at absorbances of 420 nm

and 550 nm. A graph of (Miller Uta x Time) was plotted againstie. Miller Units x Time was

8
calculated ap T T®

. The slope of the linear portion of this graph was taken to

be Miller Units. The Miller Units were then averaged for e#inte-point for the appropriate

concentration of cells.
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Lysate Preparatiofi An overnight culture of the dan strain was growm LB at 37°C and then

diluted onehundredfold in 20mL LB (with 0.2% glucose, 5mM Cafflin a baffled flask. The
culture was grown for 1 hour at 37°C. Then, 50puL of P1vir bacteriophage was added. This was
incubated for approximately I[8ours or until lysis occurred. The culture was then centrifuged at

3000 RCF for 10 minutes. The supernatant was filter sterilized and stet¥d.

Transductiori An overnight culture of the recipient strain, grown in LB at 37°C, was centrifuged

at 4500RCF for 2 minutes. The supernatant was discarded and the pellet was resuspended in a
half volume of LB (with 10mM CaG] 5mM MgSQ). 100uL of the recipient cells were mixed

with 100puL of serially diluted lysate or 100uL of the above LB as a control. Thitura was
incubated in a 37°C water bath for 30 minutes. Then, 200uL of citric acid (1M) was added to each
reaction mixture before combining the whole mixture with 1mL of LB media. The mixture was
incubated for another hour at 37°C. After incubationcilures were pelleted in a centrifuge at

4500 RCF for 2 minutes, washed once with LB media, and then resuspended in 100uL LB media.

The culture was plated on selectagarmedia and grown at 37°C.

Curing Assay An overnightculturefrom a glycerol stockf the desired strain was grown in both
inducing and noinducing conditions. The cultures were then centrifuged at 4000 RCF for 2
minutes and then the supernatant was removed. The pellets were reconstituted in LB and grown
for 1 hour at 37°C. The Qdg of each culture was taken. The inducing culture was diluted to
normalize its Oloto the norinducing culture. Both cultures were then diluted by a factor f 10

and plated on LB agar, LB agar with chloramphenicplg(BL), andLB agar with tetracycline

(5pg/mL).



25

Chapter 4

Transposon Library Construction and Transduction

Background

A full genomic screen oE. coli B for activating alleles necessitates a method for full
coverage analysis of the genome. Transposons are an efficient aneniemt method to
thoroughly tag a genome with a selectable marker in a random fashion. By establishing linkage
between all possible alleles and a selectable marker, we are able to sample this library for alleles
that activate our reporter by transduct{&iigure 5).NGS can be used to scan the genome for the
linkages betweek. coli B DNA and the transposoifter NGS, the identity of these inducing
alleles can then be elucidated by locating the transposon and mapping the linked DNABack to
coli B. Transposon mutagenesis coupled with whgdmome sequencing is a powerful tool for
regulatory element sequencing in any number of microbiological applicaliommercial
transposorinsertionkits are available to purchase; however, our purposeswe worried that
they would not provide the genome coverage that was necessary to screen for allelic differences
and not just entire open reading framé&& employed anarinerbased transposon system which
affords advantages over other transposons because of g#despecificity. It only requires a TA
dinucleotide for insertion, allowing us to obtain high coverage in the B ge(@8nd he system
that weemployedwvas adapted from a system designeStaphylococcus aureusing the HMAR
transposonand transposasg5). The principle is to separathe mobile element from the

transposase andgee them each on conditionallgplicative plasmids. The transposcontaining
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plasmid contains air-dependent origin of replication and is grown ipig" strain in order to

recover purified plasmid. Meanwahilthe transposas®ntaining plasmid contains a temperature
sensitive origin of replication that only permits growth at 30°C instead of 37°C. The transposase
gene itself is also under the control of the arabinndaciblearaBAD promoter.The transposase
plasmid is electroporated inpar- E. coliB and grown without arabinose at 30°C. The transposon
plasmid is electroporated into this stramhich is then grown at 37C with arabinose. The
transposase plasmid expressransposase so that the transposassette can move into the
genome Antibiotic resistance to kanamycin will only be obtained if the transposon hops from the
plasmid into the chromosome; otherwibeth plasmids fail to replicate and are lost. This system

is designed so that only one traaspn is inserted per bacterium. It also limits the amount of
transposase expressed as it is cytotoxic.

Random 90 kilobase portions of tke coli B library wasthento betransducednto our
reporter strains, MYAS510 and MYAS590, viaitl This new libray was then selected against
kanamycinto select for strains of the reporter that received a transposon. After repeating the
transduction and selection to ensure hilginsity coverage of the transposon, we further subjected
this pool to chloramphenicol sel&n to enrich for strains that both received a transposon and

activated the RIVETSIVET reporter system.

Results

A Q5 polymerasd’CR wasperformedto amplify the C9 HMAR transposase from the
pWVO01 plasmid with primers TM903 and TM904 to add extensions containing ligation

compatible restriction sites. Purified pKD46 plasmid containing a tempeisgnsitive origin of
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replication was used as the template inthexd5 polymeras®CR toamplify the vector backbone

with primers TM909 and TM910rhe C9 HMAR transposase was then cloned into the pKD46
vector with IrFusion cloning and then transformed into commesc@mpeten€. coli (Figure

11). The plasmid wasecovered and digested to check for cloning accuracy. After confirmation,
the plasmid containing strain was stocked as MYASG654. This strain must be grown at 30°C in
order to propagate the plasmid.

Next, we constructed the transposmmtaining(Tn) suicideplasmid. We engineered this
plasmid with a cosmid packaging sim§ and a conjugation sit@i(T) so that we would have
other deliveryoptions in case electroporation yielded too low of an efficieRloyvever, before
we could generate the plasmid, weaffinad to insert the kanamyaiesistance markek@nR) into

the transposon cassette itsédfinR was amplified byQ5 polymerasé®CR from pKD4 with

Figure 11: Plasmid maps oftransposon library generation system

The plasmid maps showing the relative genetic components of the Tn cassette plasmid
the temperaturgensitive C9 HMAR transposase plasmid (right).

















































































