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Abstract 

 The bacterium Pseudomonas chlororaphis strain 30-84, isolated from the roots of 

wheat, biosynthesizes heterocyclic, nitrogen containing secondary metabolites termed 

phenazines.  Phenazines have many practical implementations, such as the inhibition of 

pathogenic microorganisms and the formation of biofilms.  However, in order to maximize the 

utility of phenazines, the complex regulatory mechanisms that control the phenazine 

biosynthetic pathway need to be better understood. 

 This paper focuses on the characterization of a specific 185 base pair (bp) sequence 

located within the phenazine promoter region the presence of which attenuates phenazine 

gene expression.  This region was identified by analysis of phenazine promoter subclones fused 

to a reporter gene. There are two likely mechanisms By which this region could reduce gene 

expression, one involves  a DNA regulatory mechanism and a second involves  a messenger RNA 

(mRNA) mechanism.  Both of these possible mechanisms will be discussed and explored in this 

paper 

  Various experiments were performed with the hope of characterizing this regulatory 

sequence.  Some results  helped to characterize the pathway, including every phenazine 

promoter subclone was subject to the mechanism of quorum sensing.  The most interesting 

results  suggest that there is a small segment of DNA in the 185 bp attenuator region that is 

capable of forming a stem-loop hairpin structure, according to mRNA MFOLD data.   This data 

suggests that the attenuator subclone region may act via formation or relief of this stem-loop 
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structure.  If this is true, it is a big step towards further understanding of the phenazine 

promoter region.  Through my work in the Pierson laboratory, we have learned more about the 

minimal size and regions required for an active phenazine promoter. 
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Introduction 

Bacteria, like all living things, compete for fundamental resources and space to survive.  

Due to this competition, complex mechanisms have developed through evolution to allow 

bacteria to compete with other microorganisms in nature.  The bacterium focused upon in this 

study is Pseudomonas chlororaphis strain 30-84, a root associated gram negative bacterium 

that expresses a number of competitive mechanisms under complex regulation.   

The specific competitive mechanism in question is the biosynthetic pathway for 

heterocyclic, nitrogen containing compounds called phenazines.  Phenazines were originally 

classified as antibiotics, due to their role in the persistence of the bacterium in the rhizosphere 

and for its ability to inhibit fungal pathogen growth.  The production of phenazine inhibits the 

ability of the fungal pathogen Gaeumannomyces graminis var. tritici (Ggt), from causing take-all 

disease on wheat and barley. 

Understanding the regulatory pathways that control phenazine synthesis is critical for its 

manipulation to enhance disease control.  Phenazines are also classified as secondary 

metabolites.  Secondary metabolites are not required for normal growth of microorganisms in 

defined medium and are therefore believed to play accessory roles for the producing 

organism..  The biosynthetic genes that encode the proteins that convert the cellular precursor 

chorismic acid into phenazines are located within a seven gene operon.  Many bacterial 

secondary metabolites mechanism are cell-density dependent.  This density dependence means 

that cells do not exhibit a certain phenotypic or genetic behavior (in this case phenazine 
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Figure 1:  Shows the autocrine signaling mechanism with the cell signal binding to cell receptors.  

[Activate cell (green), cell signal (red)]. (1). 

biosynthesis), until the bacterial cell density reaches a threshold number.  This density 

dependent signal is induced by extracellular-intracellular signaling and is known informally as 

quorum sensing (QS)(see Figure 1 below) (1). 

 

 

The cell density signaling mechanism for phenazines in Pseudomonas chlororaphis 

utilizes molecules called N-acyl-homoserine-lactones (AHL’s).  AHL’s are small, membrane 

diffusible signals, formed from the precursors S-adenosyl-methionine (AdoMet) and a fatty 

acyl-acyl carrier protein.  The QS mechanism consists of an AHL-synthase protein and a 

transcriptional regulatory protein.  The AHL-synthase is encoded by the phzI gene and the 

transcriptional regulatory protein is encoded by the phzR gene (4).  As AHL signals are 

produced, they diffuse out of the cell through diffusion across the cell wall.  When the bacteria 

has reached a high density, the signal accumulates sufficiently inside the cell for it to bind to the 

regulatory protein PhzR (4). This is believed to cause a conformational change, resulting in the 
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Figure 2:  Shows the specific signaling mechanism for AHL synthesis.  Gene I encodes protein I which 

helps synthesis AHL signal.  Gene R encodes for protein R which couples with AHL to facilitate 

transcription (4).  

increased  affinity of PhzR for specific sequences within the promoter region of target genes 

stimulating or repressing expression (see Figure 2 below). 

 

  

 One of the target genes which the AHL-regulatory protein complex binds to is the 

phenazine promoter region (Pphz).  The promoter region is located upstream of the phenazine 

biosynthetic genes and is important in regulating phenazine gene transcription.  Promoter 

regions are genetic regions with high affinity for RNA polymerase binding.  Many derivatives of 

the promoter region were created to develop a better understanding of the internal regulatory 

processes.  These derivatives, called promoter subclones, were tested for RNA polymerase 

affinity by fusing to a promoterless lacZ reporter gene downstream and following promoter 

activity by performing beta-galactosidase assays to determine the quantity of Miller Units 
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produced (see Figure 3 below).  The promoter region subclones are titled as follows, (0.9, P-S, 

F1R1, F1R2, P-SSp, Bg-Sal).   
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Figure 3:  Shows promoter region + subclones (0.9, P-S, F1R1, F1R2, P-SSp, Bg-Sal) as well as the 

expression in Miller Units of each subclone.  The diagram also shows important restriction enzyme sites as 

well as inverted repeats (Pierson Lab).  
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Figure 4:  Compares the promoter subclone P-S and its expression of Miller Units to the 

promoter subclones F1R1, F1R2, and P-Ssp and their expression of Miller Units in order to 

emphasize a region of approximately 185 bp that attenuates phz promoter function.  

The phenazine promoter subclones P-S, F1R1, F1R2, indicate that deletion of a sequence 

of approximately 185 bp resulted in increased expression of lacZ as evidenced by the higher 

Miller Units (see Figure 4 below).  The results suggest that something within the 185 bp region 

is attenuating phenazine promoter function.  The promoter subclone P-S (Ssp1 to Sal1), 

compared to F1R1, F1R2, and P-Ssp show a 5x increase in expression of Miller Units. 

 

To test the hypothesis that the 185 bp region causes the attenuation of promoter 

function, the sequence was excised using the restriction enzymes Ssp1 and Sal1 and the 
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Figure 5:  Diagrams the cloning schematic of the 185 bp repressor fragment cloned into the plasmid 

pKT2 with a Ptac promoter upstream and the lacZ gene downstream.  

segment was inserted, through cloning, downstream of a constitutive heterologous promoter 

pTac in the plasmid pPTacKT2lacZ (see figure 5 below).   

 

 

The pTAC promoter has a high affinity for RNA polymerase binding, and therefore the 

lacZ reporter gene is highly expressed.  The 185 bp insert was cloned downstream of this 

promoter and upstream of the lacZ gene.  The expression of Miller Units of the genetic product 

titled pPtacKT2lacZ5-1 was compared to a control plasmid pPtacKT2lacZ.  The results clearly 

show a strong decrease in expression both numerically and visually (See figure 6 A,B below) in 

the cloned plasmid with the 185 bp insert. 
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Figure 6:  Shows a) expression of Miller Units presented by the plasmid alone, as two plasmids with 

the verified 185 bp insert (#7,#8).  It also shows the degrees in expression by a magnification of 

1/205. b) the visual difference of the colonies using the marker X-gal (Pierson Lab). 

 

 

 

  

 Using this information, this paper will explore the possible regulatory mechanisms of the 

185 bp promoter subclone with the purpose of determining the mechanism by which it is being 

regulated.    There are several possible regulatory mechanisms for how the 185 bp region could 

attenuate promoter function.   1. A protein within the cell could bind directly to the attenuator 

region (see Figure 7A below) to block expression.  2. Since the 185 bp region is located 

downstream of the start of messenger RNA transcription, a protein could bind to the mRNA 

sequence (See figure 7B below) and block translation or stimulating RNA degradation.  3. The 

region itself could form a stem-loop structure that would block expression unless a protein 

relieved this blockage.. 

a) 

 

b) 
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Figure 7:  Diagrams a) possible mechanism of inhibitory protein binding to the DNA blocking 

RNA polymerase and b) possible mechanism of inhibitory protein binding to mRNA, blocking 

translation or facilitating mRNA degradation. 

 

Figure 8:  shows a potential formation of the attenuator subclone 

generated by the program MFOLD.  This formation presents 2 stem 

loops and has a dG of -25.07. 

 

 

 

 

 The attenuator subclone mRNA, like 

all mRNA, has the capacity to fold into stable 

3-dimensional structures.  As shown in 

diagram 7B these mRNA 3-dimensional 

structures have the ability to interact with 

other cellular components such as proteins 

(see figure 8).  These structures are 

determined by mRNA auto-annealing 

a) 

 

b) 
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properties, in which the mRNA molecule folds back on itself to present a bulge, or loop that can 

interact with cytosolic proteins.  Potential mRNA stemloops of the attenuator subclone can be 

generated from programs such as MFOLD.  MFOLD uses a mathematical formula to generate 

the most stable structures that could be formed.   
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Materials and Methods 

 

Strain or plasmid Description
a

Source 

or reference

Bacterial  Strains

F
–
 endA1 hsdR17 supE44 thi-1 recA1 gyrA96 relA1

 Δ(lacIZYA-argF)U169 deoR  (ф80dlac(lacZ)M15 ) (λpir
+
)

E. coli HB101 (2013) F� hsdS20(rB  mB ) supE44 recA1 ara14 proA2 lacY1 galK2 rpsL20 xyl-5 mtl-5 GIBCO-BRL

P. chlororaphis 30-84 Phz
+
 Rif

r
; wild-type W. W. Bockus

P. chlororaphis 30-84Z Phz
-
 Rif

r
; phzB::lacZ  genomic fusion 3

P. chlororaphis 30-84Ice Phz
-
, Rif

r
, phzB::inaZ genomic fusion 5

P. chlororaphis 30-84Ice RpeA - Phz- Rifr Kmr, phzR::Tn5lacZ, rpeA::Tn5 2

P. chlororaphis 30-84Z 

promoter subclones Phz- Rifr; phzB::lacZ genomic fusion (promoter replaced with subclone listed below) 3

P. chlororaphis 30-84Z 0.9 Rv:Sal Pierson Stock

P. chlororaphis 30-84Z P-S Pst:Sal Pierson Stock

P. chlororaphis 30-84Z F1R1 F1 primer:R1 Primer Pierson Stock

P. chlororaphis 30-84Z F1R2 F1 primer:R2 Primer Pierson Stock

P. chlororaphis 30-84Z P-Ssp Pst:Ssp Pierson Stock

P. chlororaphis 30-84Z Bg-Sal Bg:Sal Pierson Stock

P. chlororaphis 30-84Z F1R4 F1 primer:R4 Primer This Study

Plasmid

pKT2LacZ lacZ  carried on pKT2 Kmr Pierson Stock

pKT2LacZ 0.9 Transcriptional lacZ fusion to promoter subclone 0.9 carried on pKT2 Kmr Pierson Stock

pKT2LacZ P-S Transcriptional lacZ fusion to promoter subclone P-S carried on pKT2 Kmr Pierson Stock

pKT2LacZ F1R1 Transcriptional lacZ fusion to promoter subclone F1R1 carried on pKT2 Kmr Pierson Stock

pKT2LacZ F1R2 Transcriptional lacZ fusion to promoter subclone F1R2 carried on pKT2 Kmr Pierson Stock

pKT2LacZ P-Ssp Transcriptional lacZ fusion to promoter subclone P-Ssp carried on pKT2 Kmr Pierson Stock

pKT2LacZ Bg-Sal Transcriptional lacZ fusion to promoter subclone Bg-Sal carried on pKT2 Kmr Pierson Stock

pKT2LacZ G-38 Transcriptional lacZ fusion to promoter subclone G-38 carried on pKT2 Kmr Pierson Stock

pPtacKT2lacZ (5-1) pKT2 containing Ptac::lacZ Kmr This Study

pPtacKT2lacZx185 (5-1x185) pKT2 containing 185 bp repressor::lacZ driven by Ptac promotor Kmr This Study

pKI2 pKI2 Kmr Lindow-UC Berkley

pKI2x185 pKI2 containing 185 bp repressor sequence Kmr This Study

p20H-185 p20H containing 185 bp repressor sequence Pierson Stock

pTopoTA pTopoTA Stratagene

pTopoTA-F1R4 F1R4 carried on TopoTA This Study

puc18 ColE1 Apr Invitrogen-BRL

puc18-F1R4 ColE1 Apr containing the 400 bp F1R4 fragment containing stem loop This Study

pPtacKT2lacZxF1R4 (5-1xF1R4) pKT2 containing F1R4::lacZ driven by Ptac promotor Kmr This Study

pPtacKT2lacZx64 bp oligo 

(5-1x164 bp oligo) pKT2 containing 64 bp oligo::lacZ driven by Ptac promotor Kmr This Study

pPtacKT2lacZ (5-1) Tc pKT2 containing Ptac::lacZ Kmr Tcr This Study

pPtacKT2lacZx185 (5-1x185) Tc pKT2 containing 185 bp repressor::lacZ driven by Ptac promotor Kmr Tcr This Study

30-84 genome library plasmids T4 Bacteriophage derived plasmids containing 30-84 genome Kmr Pierson Stock

TABLE 1. Bacterial strains and plasmids used in this study

E. coli DH5αλpir
GIBCO-BRL

a
 Rif

r 
, rifampicin resistant;  Km

r 
, kanamycin resistant; Tcr, tetracycline resistant; Apr, ampicillin resistant
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Agarose Gel-electrophoresis.  Agarose gel-electophoresis is the procedure used to separate 

cleaved DNA molecules of different lengths.  Agarose forms a porous matrix that allows DNA to 

be pulled through by an electromotive force.  Negatively charged DNA moves through the 

matrix at different speeds depending on the size of the fragment.  The DNA samples are first 

mixed with a colored buffer solution which adds density to the DNA.  The samples, including a 

size ladder control are loaded into wells formed in the gel, and allowed to run under an electric  

charge for a period of time.  The DNA molecules are bound by Ethidium Bromide that fluoresce 

when exposed to ultraviolet light. 

Annealing Ordered Oligo’s.  Ordered single-stranded primers needed to be annealed before 

use.  Once the lyophilized primers have arrived, they are mixed with sterile water to make 100 

μM stocks.  A small amount ( 1 μM) of forward and reverse primer are mixed,placeed in boiling 

water for a few minutes and allowedto cool (anneal) naturally.   

Bacterial Strains, Plasmids and Media.  P. chlororaphis strains 30-84, 30-84Z, 30-84Ice, and 30-

84I/I2 30-84W including all subclone derivatives were grown at 28˚C in Luria-Bertani (LB) 

Primer name Sequence 5-3

lacZR CAAGCCGATTAAGTTTAA

Ptac1F GCAAATATTCTGAAATGAGCTG

F1 CGGGATCCCCGGGTGTTTGAAACCG

F4 CGGGATCCGCTTTCCCCTAGCGGCTTTAAT

R4 CGGGATCCATTAAAGCCGCTAGGGGAAAGC

WT F64 GATCCGAATTCACTTTCAACACTATCACCCCCAACTAAGGAGGATGCTGCCCATGCCTGCTTC

WT R64 GATCCGAAGCAGGCATGGGCAGCATCCTCCTTAGTTGGGGGTGATAGTGTTGAAAGTGAA

MUT F64 GATCCGAATTCACTTTCAACACTATCAAAAAAAACTAAGGAGGATGCTGCCCATGCCTGCTTC

MUT R64 GATCCGAAGCAGGCATGGGCAGCATCCTCCTTAGTTTTTTTTGATAGTGTTGAAAGTGAATTC

Source or Reference

Pierson Stock

Pierson Stock

TABLE 2. Primers used in this study

This study

This study

This study

This study

Pierson Stock

This study

This study
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medium on agar plates or in broth with shaking at 200 rpm.  E. coli DH5αλpir and all E. coli 

bacteria strains were grown at 37˚C in LB medium on agar plates or in broth with shaking at 200 

rpm. Antibiotics were added as appropriate at the following concentrations: ampicillin (Ap) 100 

µg/ml, kanamycin sulfate (Km) 50 µg/ml, tetracycline (Tc) 25 or 50 µg/ml, Rifampicin (Rif) 100 

µg/ml.  

Beta-Galactosidase Assays.  Beta-galactosidase assays allow the activity of certain genes or 

promoters that were fused with the lacZ gene to be quantified.  Beta-galactosidase assays were 

performed according to the Pierson lab protocol.  The medium was measured for cell density 

(OD 620), interference matter (OD 540), and formation of a yellow compound produced by 

breakdown of the colorimetric reagent by the beta-galactosidase enzyme (OD  415).  The Miller 

units can then be quantified by the equation B-Units = 1000 x (OD415-(1.75xOD540))/(V*t*OD620).  

The marker used to test beta-galactosidase levels in plates was X-gal and in liquid was ONPG 

(you should spell each one out).. 

DNA ligations.  DNA molecules that are separated by restriction enzyme digestion can be 

connected through a process known as DNA ligation.  In DNA ligation two DNA molecules either 

with blunt ends, or complementary sticky ends can be ligated back together by the enzyme 

DNA ligase.  The procedure involved mixing a ratio DNA ligase, fresh DNA ligase buffer, the two 

cleaved DNA templates, and ddH20.  The ratio depended slightly on which ligase kit was used.  

The mixture was then placed in water at 15? C overnight. 
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Making working Primer Stock from Lyophilized Solution.  Stock lyophilized primers ordered 

were diluted to 100 μM solution in ddH20.  The lyophilized primer was first pelleted by 

centrifugation and then diluted in ddH20 to a final concentration of 100 μM.  A working stock of 

10 µM was madeby diluting the primary stock by 1:10 in H20.  All primers that were ordered 

were originally lyophilized and needed to be resuspended prior to use. 

Plasmid Preparation Protocol.  Plasmids that are present inside the bacteria can be extracted 

for cloning and sequencing purposes.  After the bacteria was grown in broth medium centrifuge 

at 3,600 rpm for 6 minutes.  Plasmids were purified Using the Fermentas GeneJETTM Plasmid 

Miniprep Kit #K0503 following the manufactures protocol with the following exceptions (what 

were they?)to isolate plasmids from the bacterium E. coli DH5αλ and P. aureofaciens strains. 

Plasmid Sequencing.  The nucleotide order of potential DNA sequences present in plasmid DNA 

can be determined by a process known as DNA sequencing.  The concentration of the  plasmid 

DNA was determined using a Nanodropper spectrophotometer prior to sequencing.  If the 

concentration is at appropriate levels, the plasmid DNA was sent and sequenced at the 

University of Arizona Genomic Analysis and Biotechnology Center (GATC) using an Applied 

Biosystems automatic DNA sequencer (model 373A, version 1.2.1). 

Restriction Enzyme DNA Digestions.  DNA can be cleaved through the use of proteins called 

restriction enzymes that induce conformational stress on the DNA strand and cleave the 

phosphate backbones at specific sequences.  The cleaving of DNA with a specific enzymes 

involved mixing a calculated proportion of enzyme, buffer, ddH20, and the DNA template.  The 
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mixture was then placed in water at the temperature of 45oC for 2 hours, and then placed in 

the refrigerator at 4oC.   These proportions depended on which brand of restriction enzyme 

was used and varied slightly on the protocol of the company.  The two main companies used 

were Invitrogen and Fermentas.  

Selection of Desired Transformants and Conjugates.  Desired transformants and conjugates 

can be selected for by a spreading the antibiotic which the plasmid or bacterium is resistant to  

Bacteria grown in LB medium or on agar plates often contained antibiotics (see medium 

preparation).  

Screening for Desired Transformants.  Transformants that were generated in these 

experiments were often identified by screening processes.  In these experiments, the bacterial 

colonies were often separated on the basis of visual chromaticity.  Often times the lacZ gene 

was cloned to reveal a blue color certain plasmids.  pUC18 was screened for the presence of 

white colonies indicating a DNA fragment had been inserted into the multiple clonig site.  Gel 

electrophoresis was used to identify and verify the clones. 

Time Course coupled with Beta-Galactosidase Assay.  A time course assay coupled with beta-

galactosidase assays are used to quantitatively measure cell density and phenazine production 

over a known period of time.  LB broth of specific Pseudomonas chlororaphis subclones are 

inoculated at time t=0.  Every hour a small fraction of the medium was measured for cell 

density (OD 620), interference matter (OD 540), and beta-galactosidase activity (OD  415).  The 

beta-galactosidase assay was performed following the Pierson Lab protocol. 
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TopoTA Cloning Protocol.  All  PCR products generated were cloned into the TopoTA vector  

following the (Stratagene, Santa Clara, CA) TopoTA cloning protocol. 

Transformation Protocol.  A plasmid suspended in water or Tris buffer solution can be 

transformed into a specific bacterium through a process called transformation.  In this case the 

model organism E. coli DH5αλpir was selected.  E. coli DH5αλpir is treated so that the capability 

of taking up DNA can be induced during laboratory procedures, which is known as an induced-

competent cell.  These competent cells are stored at 80°C to maintain their competency.  The 

frozen E. coli DH5αλpir needs to be thawed on ice.  The DNA uptake can be transiently induced 

by a dramatic change of environmental conditions, in this case raising the external temperature 

from 0°C to 42°C instantaneously.  All transformations were performed in accordance with the 

Pierson Lab protocol. 

Tri-Parental Matings (Conjugation).  Plasmids are transferred from the bacterium of one 

species to the bacterium of a different species through a process called tri-parental mating.  Tri-

parental mating was performed following the Pierson lab protocol. 
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Results 

Results of a time course coupled with Beta-galactosidase assays on P. chlororaphis strains 30-

84 with subclone genetic fusions.   

The promoter subclones of Pseudomona chlororaphis were genetically created in 

plasmid pKT2lacZ to characterize the specific regulatory mechanisms located within the 

promoter region (see figure 3 in intro.)  Since phenazine production is under QS control, this 

experiment was designed to see if the promoter subclones still were under quorum sensing 

control. A 0.9 kb region that encompases the native promoter region and which is subject to QS 

regulation was included as a control. The vector lacking any inserted DNA was also included as a 

negative control. 

Seven P. chlororaphs subclones underwent a time course coupled with beta-

galactosidase assays, performed following the standard Pierson lab procedures, every hour.  

Every hour, cell density and Miller Unit production where both recorded and plotted using a 

line graph generated by Microsoft Excel (see figure 9 A,B below). Two experiments are shown. 

Both indicate that all promoter subclones become active only after similar cell densities are 

achieved, indicating that none of the subclones had bypassed the need for AHL signals. 

Consistently, the P-Ssp and F1-R1 subclones result in the highest beta-galactosidase activity. 
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Figure 9 A&B:  Show results in graphical format of promoter subclones under a time course Beta-

galactosidase assay.  Cell optical density (OD 620 nm) is plotted on the X-axis and the Miller Units are 

plotted on the Y-axis.  

 

 

 

 

Results of inserting attenuator subclone in High Copy Plasmid and Inserting into P. 

Chlororaphis 30-84 Z and observing for Titrating Effects.   
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Figure 10:  Show a) cloning schematic of removing 185 bp attenuator subclone from p20H-185 and 

inserting it into pKI2, and b) diagram of what inserting plamid pKI2-185 into the cell at high copy numbers 

is supposed to accomplish, facilitating transcription of Pphz and the lacZ gene. 

The purpose of this experiment was to test the hypothesis that a DNA binding protein 

was involved in the attenuation of lacZ expression by binding to the 185 bp region.  If the 

plasmid KI2-185 is introduced into the cell in a high copy number, the high number of copies of 

the 185 bp would bind the DNA attenuator protein, resulting in less of it being free to bind to 

the chromosomal copy of the promoter region and allowing higher excpression of the genomic 

phzB::lacZ reporter fusion.   (see figure 10 B below).  The facilitation of lacZ transcription would 

increase beta-galactosidase quantities in the cell that, in turn, can then be assayed and 

quantified. 
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Figure 11:  Show the gel electrophoresis 

image of the pKI2 and the attenuator 

subclone that were excised and ligated 

together. 

Figure 12:  Shows the bar graph results of the pKI2 plasmid and the pKI2-185 attenuator 

subclone derivatives.  The plasmids are displayed on the X-axis and the Miller Units are 

displayed on the Y-axis. 

The attenuator subclone was excised from p20H-185 using the 

restriction enzymes BamHI and HindIII and cloned into pKI2 (see 

cloning schematic in figure 10 A above).  The resulting plasmid pKI2-

185 and the negative control plasmid pKI2 were then transformed, 

and then conjugated into P. chlororaphis strain 30-84Z following the 

Pierson Lab transformation protocol.  The resulting bacterium was 

inoculated into LB broth and assayed using the Pierson Lab beta-

galactosidase assay protocol.   The Miller Units of the assay 

of the control plasmid pKI2 and the attenuator derivative 

pKI2-185 (#1-#5) were then plotted in a bar graphical 

format using Microsoft excel (see figure 12 below). 
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Figure 13:  Shows the b-gal assay results of 

comparing RpeA activity (white line) to RpeA
-
 

activity (black line) (3). 

 

Results testing the correlation of the RpeA regulation mechanism with the attenuator 

subclone. 

The rpeA gene is part of a 2 component phenazine regulatory mechanism which, when 

mutated, dramatically up-regulates the expression of 

phenazine synthesis.  This up-regulation appears to be a 

result of a by-pass of the quorum sensing (QS) mechanism 

(see figure 13).  Since the non-mutated RpeA two component 

regulatory system down regulates the expression of 

phenazine, it is possible that there could be a correlation 

between the RpeA regulatory system and the attenuator 

185 bp subclone. One hypothesis is that the RpeA regulatory protein binds to the 185 bp region 

to attenuate expression. This is why mutation of this system would be expected to result in 

increased phenazine promoter activity. 

To test this possible relationship the Ptac:lacZ fusion, and a plasmid with Ptac:lacZ 

fusion with the attenuator subclone inserted in-between needed to be introduced into a RpeA-  

Phz- mutant of P. chlororaphis  as well as the RpeA+ strain. ? that contains the attenuator 

subclone and a control plasmid and the phenotype needs to be studied for alterations in 

expression.    

The plasmid chosen was pPtacKT2lacZ (5-1) and pPtacKT2lacZ with the attenuator 

subclone inserted (5-1x185).   Unfortunately RpeA- mutant uses the same antibiotic to select for 
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Figure 14:  Shows agarose gel that contains 

both the KT2 plasmid and the tetracycline 

cartridge. 

as p5-1 and p5-1x185.  Therefore the plasmids needed to be fused 

with a different antibiotic resistance gene.  In this case the gene is 

Tetracycline (Tc).  The plasmids  5-1, 5-1x185 and pHP45 Tc R were 

digested with the restriction enzyme EcoR1.  The EcoR1 digested p5-

1 and p5-1x185 plasmids were ligated with the Tc cartridge to 

develop tetracycline resistance plasmids.  The p5-1 and p5-1x185 

plasmids were selected for by spreading tetracycline as well as 

screened for by running a gel (see figure 14). 

The plasmids p5-1 Tc and p5-1x185 Tc were then 

conjugated triparentically into the genetically mutated bacterium 30-84 Ice RpeA-.  The desired 

30-84 colonies were selected by a double antibiotic selection of Rif100 Tc50 Km50.  The activity of 

the resulting colonies that persisted under the double antibiotic selection were tested by using 

the beta-galactosidase assay following the Pierson lab protocol.  The results were then graphed 

in bar format using Microsoft excel (see figure 15 below). The results indicate that loss of the 

RpeA system did not result in enhanced phenazine promoter expression from pTac.  
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Figure 15:  Bar graph depicting the difference of expression in Miller 

Units of p5-1 and p5-1x185 in trans with the RpeA
-
 ICE mutant. 

 

 

 

Results of testing genome library to see if protein de-represses.   

 Previously in the Pierson lab a genomic library of strain 30-84 had been developed. This 

library consists of sections of the 30-84 genome cloned into a plasmid and carried by E. coli. The 

30-84 genome library can be examined to see if there is any protein that, if placed "in trans" 

with the attenuator 185 bp subclone, results in a de-repression  of expression.  If a gene exists 

that encodes for a protein that de-represses the inhibitor, the gene can be conjugated from E. 

coli to Pseudomonas and the phenotypes can be examined for increased expression of Beta-

galactosidase.    

 The E. coli bacteria that contained the P. chlororaphis strain 30-84 genome were replica-

pronged onto plates with Tc25 antibiotic.  These colonies grew overnight and were then 

conjugated into the bacterium P. chlororaphis 30-84ICE (5-1x185 #7).  This was done by 

spreading the recipient 30-84 ICE (5-1x185 #7) and the helper strain HB101(pRK2013) onto LB 
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plates and then replica pronging the grown E. coli library colonies onto the spread plates.  

These were then grown for 2 days at 28°C.  The conjugates were then selected by pronging 

onto LB km50 Rif100 Tc50 plates which were grown for 3 days at 28°C.  The colonies that were 

selected for were then pronged on LB Tc50 X-Gal plates.  In theory, colonies that had increased 

expression could be phenotypically screened for dark blue expression. 

 After the conjugation and the correct genetically manipulated bacteria were selected by 

double antibiotic selection, the colonies that contained both the genome library, and the 30-84 

ICE with the 5-1x185 plasmid insert were observed by chromatically observation for beta-

galactosidase synthesis.  Unfortunately, after repeated attempts of this experiment it appeared 

that no colonies of P. chlororaphis could successfully grow under double antibiotic selection. 

 

Results of New Subclone F1R4 formation (similar to F1R1 & F1R2 but altered to have the 

hypothesized stem loop in its entirety). 

 A new promoter subclone, F1R4, was derived with the purpose of elucidating the 

mechanism behind the attenuation of the attenuator subclone.  This experiment uses primers 

to amplify a certain region similar to the F1R1 & F1R2 subclones, however the subclone is 

extended downstream to include a small segment of DNA that hypothesized to be a potential 

mRNA stem loop (see figure 16 below).  The new subclone is cloned into a plasmid with a 

promoter with high affinity for RNA polymerase and the derived plasmid can then be tested for 

beta-galactosidase production following the Pierson lab beta-galactosidase protocol.  The 

expression of the plasmid derivative with the F1R4 subclone can then be compared to the 

control plasmid to observe for changes in Miller Unit expression. 



Page 29 of 41 
CHARACTERIZATION OF NEGATIVE-ACTING SEQUENCE IN PHENAZINE PROMOTER  

 
 

Figure 16:  Diagrams the F1R4 promoter subclone in comparison to the F1R1 subclone as 

well as the promoter in its entirety.  The F1R4 subclone is speculated to contain a stem loop 

as shown by the marked stem loop box.  All subclones contains a lacZ fusion downstream.  

Figure 17:  Shows gel electrophoresis of the PCR 

results.  Marked in by the red box is the suspected 

product F1R4 excised from the gel. 

 

 

 A primer was designed complementary to the 

speculated stem loop sequence and ordered titled Reverse 4 

(R4).  Polymerase chain reaction (PCR) following the Pierson 

PCR protocol was performed using the F1 and R4 primers and 

the 0.9 promoter subclone as a template.  Gel electrophoresis 

of the PCR product displayed a high quantity of DNA of the 

suspected size of F1R4, approximately 500 bp in length.  (see 

figure 17).  The PCR product was ligated into the TopoTA 

plasmid and then transformed into E. coli using the 

Genejet TopoTA protocol.  

 The TopoTA plasmid with the suspected F1R4 was sent sequencing following the 

standard sequencing techniques at the University of Arizona Biotechnology Center.  The 

sequencing results proved the presence of the F1R4 subclone in the TopoTA plasmid (see figure 

18 below.) 
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Figure 18:  shows the sequencing results of cloning TopoTA and the F1R4 subclone after PCR.  The M3 

reverse primer (marked with a blue arrow) shows the end of the TopoTA sequence.  The R4 primer 

(marked with a red arrow) shows the begenning of the R4 sequence.  (It is important to note that the 

sequence is displayed in the reverse order). 
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Figure 19:  shows the gel electophoresis results of 

digesting p5-1 as well as p5-1xF1R4  with the restriction 

enzyme BglII.  The two appropriate band sizes were 

17,000 bp and 4,000 bp. 

 The verified plasmid pTopoTA with the F1R4 promoter subclone (pTopoTA-F1R4) was 

cloned into the plasmid pUCc18 using the restriction enzyme EcoR1.  The plasmid was 

transformed into E. coli using the Pierson lab transformation protocol, and phenotypically 

selected for by a white phenotype indicating successful insertion of the subclone.   

 The next cloning step was to insert the F1R4 subclone into pPtacKT2lacZ (5-1) to observe 

beta-galactosidase expression when the subclone is placed behind the Ptac promoter.  The 

plasmid pUC18-F1R4 and  p5-1 were both digested with the restriction enzyme BamH1.  Gel 

electrophoresis was performed following the Pierson lab protocol.  Since there is a BglII site in 

both p5-1 and the F1R4 subclone both the p5-1 control and the p5-1xF1R4 potential derivatives 

were digested with the restriction enzyme BglII.  The 

derivative p5-1xF1R4 #6 displayed the correct number 

of bands and correct sizes on the agarose gel.   

 The plasmid p5-1xF1R4 #6 was sent sequencing 

following the standard sequencing techniques at the 

University of Arizona Biotechnology Center.  The results 

displayed the end of the F1R4 primer in the p5-1 

plasmid, verifying the insert into the plasmid (see figure 

19).  It is important to note that the sequencing did not 

begin in the correct location for the primer that was 

used.  The primer began somewhere in the middle 

of the insert, reading downstream to the end of the 
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Figure 20:  shows the sequencing results of cloning TopoTA and the F1R4 subclone after PCR.  The R4 

primer (marked with a red arrow) shows the beginning of the R4 sequence.   

insert and into the p5-1 plasmid. 
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Figure 21:  Shows the bar graph results of plasmids p5-1, p5-1x185 and p5-1xF1R4.  The plasmids 

are displayed on the X-axis and the Miller Units are displayed on the Y-axis. 

The resulting Ecoli. bacteria containing plasmids p5-1, p5-1x185 and p5-1xF1R4 were 

inoculated into LB broth and assayed using the Pierson Lab beta-galactosidase assay protocol.   

The Miller Units of the assay of the control plasmid pKI2 and the attenuator derivative pKI2-185 

(#1-#5) were then plotted in a bar graphical format using Microsoft excel (see figure 21 a,b 

below). 
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Results of Formulation stem loop from Oligonucleotides.   

 Since the reverse PCR primer R4 gave suspect results, oligonucleotides (short nucleotide 

sequences) were ordered with the purpose of annealing together to form a very concise piece 

of the promoter subclone with the speculated stem loop, further clarifying the data presented 

with the F1R4 subclone. The set of oligonucleotide sequences, when annealed, form the DNA 

sequence of the possible stem loop.  Another second set oligonucleotides were ordered with a 

large portion of the stem loop sequence replaced with adenines to disrupt the stemloop 

formation.  These oligonucleotide sequences, the stem loop and the disrupted stem loop, 

would be cloned into a plasmid downstream of a very active promoter and upstream of a lacZ 

fusion so that the attenuating affects could be quantified by beta-galactosidase assay. 

 Primers were designed that, when annealed together, formed a DNA molecule that 

contained the suspected stem loop with an EcoR1 site at the beginning and BamH1 sites 

flanking R1 stem loop complex.  These primers were then annealed by mixing them and putting 

them in water at a high temperature and allowing it to slowly cool.  The annealed DNA 64 bp 

oligonucleotide was then digested with the restrictive enzyme BamH1 and cloned into the p5-1 

vector.  The p5-1 +64 bp oligo was then cut with EcoR1 and a gel was run of the digestive 

products to verify the product.  The plausible plasmids containing the 64 oligonucleotide were 

then sequenced using the lacZ primer for verification. 

 At this point of the experiment, the sequencing results were repeatedly indecipherable.  

From the results it looked like there were multiple sequences overlapping, exhibiting conflicting 
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peaks at each base pair location. As this was the end of my time in the laboratory, I had to 

suspend my research at this point. 
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Discussion 

Discussion of a time course coupled with Beta-galactosidase assays on P. chlororaphis strains 

30-84 with subclone genetic fusions.   

 The results of the time course graphical plots show that every promoter subclone in the 

experiment has a delay in phenazine production in relation to cell density growth.  As shown in 

the graphical plots (see figure 9 A&B) the delay is roughly around an optical density 620 of 1.  

This delay of phenazine production clearly supports a correlation between the sublclones and 

the general mechanism of quorum sensing (see figure 2) that is present in Pseudomonas.   

 The quorum sensing mechanism is shown, in this experiment, to function regardless of 

the presents of the attenuator mechanism present in the 185 bp attenuator subclone.  This 

suggests that the attenuator mechanism is still affected by the broader reaching mechanism of 

quorum sensing, an important conclusion in characterizing the attenuator mechanism. 

 

Discussion of inserting attenuator subclone in High Copy Plasmid and Inserting into P. 

Chlororaphis 30-84 Z and observing for Titrating Effects 

 The results of the beta-galactosidase expression of P. chlororaphis strain 30-84 Ice of the 

plasmid pKI2 compared to the pKI2 fused with the attenuator subclone show no significant 

differences in expression.  These results could suggest that the repression mechanism doesn’t 

rely on a protein binding to the DNA sequence.  However, the plasmid pKI2-185 #2 shows a 

slight decrease in expression (200.63 Miller Units compared to 111.2 Miller Units).  The experiment 
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should be performed using different high copy plasmids that will have a larger titrating impact  

to be determined with more certainty.  Also, even if the experiment can be reproduced with 

different plasmids it is important to consider that the plasmid copies may just not be sufficient 

in any case to result in a phenotypic change. 

 

Discussion testing the correlation of the RpeA regulation mechanism with the attenuator 

subclone. 

 As the bar graph shows, the plasmid p5-1, introduced in trans into P. chlororaphis RpeA-, 

ICE compared to the plasmid p5-1x185 introduced into the same bacterium shows a significant 

discrepancy in beta-galactosidase expression.  The plasmid p5-1 and p5-1x185 in trans with the 

RpeA- ICE mutant had expressions of 417.91 miller units and 11.97 miller units, respectively.  

This difference of Miller unit expression suggests that the attenuator region is still functioning 

as a repressor even with the mutated RpeA gene.  This suggests the attenuator region functions 

regardless of whether the RpeA/RpeB two component complex is functioning, inferring that 

there is no correlation of functionality between the two mechanisms.  

 Nevertheless, the plasmids were not sequenced, so it is only assumed through a 

phenotypic assessment of a quantifiable hue that that the correct plasmids are present in the 

30-84 genetically manipulated bacterium.  The plasmids need to be sequenced to further verify 

this theorized relationship. 

 

Discussion of testing genome library to see if protein de-represses.   
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 The results of testing the genome library did not yield any colonies with a dark 

phenotype that were concluded to be of the bacterium P. chlororaphis.  E. coli colonies had 

difficulty growing when they were replica pronged from the genetic library.  Almost no colonies 

grew after the tri-parental mating of the E. coli with the P. chlororaphis 30-84 ICE (5-1x185).  

When observing the plates approximately two days after the conjugation some colonies formed 

that expressed a dark blue phenotype, which indicated that they may contain a section of the 

genome with a de-repressor protein.  These colonies were then re-streaked onto a new plate 

with double antibiotic selection.  All of these colonies had trouble growing on double antibiotic 

selection.  It was concluded because of their unusual growing habits and the phenotypic traits 

of the specific colony's, that they were not of the genus Pseudomonas and were a 

contamination on the plates. 

 

Discussion of New Subclone F1R4 formation (similar to F1R1 & F1R2 but altered to have the 

hypothesized stem loop in its entirety). 

 Figure 21 a & b show two graphical results that correlate the plasmid p5-1, to p5-1x185 

(the plasmid with the attenuator subclone, and p5-1xF1R4 (the plasmid with a new clone that 

includes the potential stem loop.  As shown by the two graphs the p5-1x185 has an average 11 

fold decrease in expression from the p5-1 template.  The p5-1xF1R4 has an average of 19 fold 

decrease in expression from the p5-1 template.  This data suggests that the p5-1xF1R4 

attenuates almost two fold of p5-1x185.  The experiment, however, was only assayed twice 

before moving forward with the experiment designed to form the stem loop from two 
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oligonucleotide strands.  Therefore, the data collected needs to be repeated before any results 

can be determined with certainty. 

 

Discussion of Formulation stem loop from Oligonucleotides.   

 As stated in the results, the sequencing results were repeatedly indecipherable.  It 

appeared as if there were multiple sequences overlapping, exhibiting conflicting peaks at each 

base pair location.  This could be caused by multiple sites with enough fidelity to attract the 

LacZ primer.  It the primer annealed to more than one specific site, it would yield sequencing 

results with conflicting peaks due to nucleotide conflicts.  However, this doesn't make sense 

with the cloning schematic of inserting the oligonucleotides into the p5-1 template, considering 

that the ligation would only result in one lacZ sequence capable of annealing with the lacZ 

primer. 

 

Discussion of the Data in its entirety and Progressing Forward 

 Through my work in the Pierson lab we have further specified the sizes and regions for 

active phenazine production.  We have also identified that all subclones tested undergo 

quorum sensing.  Most important, however, we have developed the F1R4 promoter subclone. 

This subclone includes the entire hypothesized stem loop, that attenuates lacZ expression in 

the plasmid p5-1xF1R4 is clearly suggestive that the hypothesized stem loop is responsible for 

the down regulation.  Unfortunately this hypothesis was unable to be further tested using 
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synthesized oligonucleotides  due to experimental difficulties with the annealing of the 

oligonucleotides and their cloning into vectors. 

 The next step in the experiment is to further characterize the mechanisms behind 

phenazine promoter function.  Most important of these is to verify the attenuating properties 

of the stem loop.   The stem loop can be verified by either proving that its existence causes 

attenuator or by proving that its removal causes up-regulation.  The Pierson lab is currently 

attempting the latter by trying to alter part of the sequence of the stem loop, specifically the 

CACCCCCAA repeats in the promoter region.  The Pierson lab plans to clone this mutant 

subclone into the plasmid pKT2-lacZ and observe if attenuation still occurs.  If attenuation does 

not occur it would further suggest the direct correlation between attenuation and the intact 

stem loop.    
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