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ABSTRACT 

The biological control bacterium Pseudomonas aureofaciens strain 30-84 produces 

three phenazine antibiotics. Phenazines are responsible for pathogen inhibition 

by strain 30-84 as well as its ability to persist in the rhizosphere. Although this 

bacterium can suppress take-all of wheat disease when applied as a seed inocu

lum, performemce of this agent, as with many biological control agents, can be 

variable in the field. A factor in estabh'shment and pathogen inhibition may be 

the indigenous microbial community that competes with strain 30-84 and may in

terfere with phenazine production as a competitive mechanism. In this study, a 

wheat rhizosphere microbial community libreiry was screened and ca. 4% of the 

isolates were found to inhibit phensizine production by strziin 30-84. A sub-group 

of these isolates was characterized and found to produce extracellular signals that 

suppressed phenazine gene expression. The signal from isolate PU-15 was initially 

characterized and appeared to be chemically and mechanistically unlike other known 

negative-acting signals. A genetic region was cloned from this isolate that decreased 

phenazine gene expression and production in strain 30-84. Negative communication 

also affected the ability of streiin 30-84 to inhibit the pathogenic fungus Gaeuman-

nomyces graminis pv. tritici in vitro. Therefore, negative communication may 

contribute to the inconsistencies of biological control in the field. 
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CHAPTER 1 

Introduction 

1.1 Summary 

The biological control bacterium Pseudomonas aureofaciens strsiin 30-84 produces 

three phenazine antibiotics that are important for both biological control and rhizo-

sphere competition. It was shown previously that non-isogenic rhizosphere bacteria 

can " positively communicate" with strain 30-84 on wheat roots by contributing AHL 

signal necessciry for expression of phenazine (Pierson et al. 1998). We hypothesized 

that because phenazines are an important mechanism in rhizosphere competition, 

other bacteria have evolved similar mecham'sms to counteract their effects. 

In this study, several wheat rhizosphere isolates that inhibit phenazine 

production in strain 30-84 have been identified and characterized. These isolates 

produce extracellular signals that inhibit expression of the phenazine biosynthetic 

genes. This interaction has been termed "negative communication". I have at

tempted to identify and genetically characterize the negative signal from one of 

these isolates, PU-15. Upon initial investigation, this signal appears to be chemi

cally and mechanistically different &om other known signals of similar activity, such 

as furanones and AHLs. A genetic region from PU-15 has been identified which acts 

as a repressor of phenazine gene expression in strain 30-84. Finally, these isolates 
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Figure 1.1: Ggt infection on wheat roots 

the fluorescent Pseudomonads, which were isolated originally from soil with natu

ral disease suppression properties. These bacteria produce a variety of secondary 

metabolites and zintibiotics that can antagonize fungal pathogens, such as pyolu-

teorin, pyrolnitrin (Hasegawa et al. 1990), oomycin A (Howie and Suslow 1991), 

2,4-diacetylphloroglucinol (Keel et zil. 1990), and phenazines (Thomashow and 

Weller 1988a). Pseudomonads producing these compoimds have been shown to 

help control Pythiimi damping off, Verticillium and Pusarium wilt (Hasegawa et al. 

1990), t£ike-all (Thomashow and Weller 1988a), and black rot of tobacco (Keel et al. 

1990). Though generally effective in greenhouse studies, BCAs like the fluorescent 

Pseudomonads are not always reliable and can fail to control disease in the field. 

This is attributed to many factors such as environmental conditions, fertilizers, and 

the indigenous microbial population with which the BCA must be able to co-exist. 

Therefore, to improve biological control and make it a feasible practice in control

ling diseases like take-all, it is first necessary to gain a better understanding of the 

conditions that effect its efficiency. 
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1.2.2 Paeudomonaa aureofaciena strain 30-84 

Wheat is often grown in mono-culture with little to no rotation. It was observed in 

fields where wheat was grown continuously for many years that a once endemic take-

all problem had significantly declined (Shipton 1975). It was discovered that the 

native microbial population had shifted over time and the soil had become "sup

pressive" to Ggt. This phenomenon is called "take-all decline". One fluorescent 

Pseudomonad isolated from Ggt suppressive soil, Pseudomonas (P.) aureofaciens 

strain 30-84, was found to produce phenazine antibiotics. These antibiotics are now 

known to be the primary mechanism by which strain 30-84 suppresses growth of 

Ggt (Pierson III and Thomashow 1992). They also aid strain 30-84 in rhizosphere 

competition (Mazzola et eil. 1992). Being equipped with both an antagonistic and 

competitive mechanism makes this bacterium a model BCA. Although effective 

when applied as a seed treatment, in the field strain 30-84 is still associated with 

the traditional problems of biological control (Weller and Cook 1983). To poten

tially improve this BCA, research has been done to imderstand how this bacterium 

regulates phenajsine biosynthesis. In this work, we focus on one environmental pa

rameter that could affect phenazine production cind biological control in the field: 

signaling from other rhizosphere bacteria. 

1.2.3 Phenazine Biosynthesis 

Phenazines eire pigmented broad-spectrum antibiotics with known activity against 

several bacteria and fungi as well as some higher plants £md animals (Turner and 

Messenger 1986). Hypothesized modes of action include DNA intercalation and 

inhibition of RNA sjmthesis (Turner and Messenger 1986). Other mechanisms may 
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Figure 1,2: Proposed phenazine biosynthetic pathway (Pierson, et al. 1995) 

E. coli, an enzyme involved in the synthesis of pyridoxamine-5-phosphate (Pierson 

III et ai. 1995). Downstream of this operon the gene phzO encodes a monooxyge-

nase that hydroxylates PCA to make 20HPCA (Delaney et al. 2001). Figure 1.2 

shows the proposed pathway for phenazine bios)mthesis. 

1.2.4 Phenazine Regulation 

Phenazine regulation by strain 30-84 is a multi-leveled process involving many el

ements. Research into these complex processes may lead to the discovery of novel 

genetic manipulations that could improve its capabilities in biological control. 
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Quorum Sensing 

Though bacteria have traditionally been thought of as unicellular organisms, they 

have developed ways to act in a multicellular fashion. Many bacteria produce 

small, freely diffusible signed molecules, generally termed pheromones, that can 

be "sensed" by members of their own species (Salmond et al. 1995) (Fuqua and 

Greenberg 1996) (Hardmain and Williams 1998). When there Eire many of the species 

present, and consequently a high pheromone concentration, the population is said 

to have reached a "quorum". In this way, it is hypothesized that a bacterium can 

recognize its population density. At this point there is enough signal present to 

bind appropriate targets in the bacteria and regulate a variety of genes. This type 

of gene regulation is called "quorum sensing" (Salmond et al. 1995) (Fuqua and 

Greenberg 1996) (Hardman and Williams 1998). 

One of the most important examples of quorum sensing is AT-acyl homoser-

ine lactone (AHL)-mediated expression. The most well-studied AHL system is in 

the gram-negative bacterium Vibrio fisherii. It was determined that this bacterium 

regulates its property of bio-limiinescence in a population dependent manner. When 

sterilized Vibrio fisherii culture supernatants are used to re-culture the organism, 

light production will begin at a lower cell density than normed. Genetic analysis 

revealed that a gene, luxl, encodes a synthase responsible for the production of an 

Ar-(3-oxohexanoyl)homoserine lactone (OHHL) autoinducer. When there is enough 

OHHL present in the population, it binds to an activator protein encoded by luxR. 

LuxR is a modular protein consisting of a N-terminal OHHL binding domeiin and a 

C-terminal DNA binding domain. The activated LuxR binds to the lux box, a 20 

base pair (bp) inverted repeat sequence upstreemi of the lux operon. This binding is 
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Figure 1.3: AHL-mediated regulation of the lux operon in Vibrio fiskerii 

necessary for expression of the lux operon, which contains genes for luciferase and 

a fatty acid reductase complex, necessary components for bio-luminescence. There 

is also a lux box upstream of luxl, allowing the signal to drive its own expression 

(Seilmond et al. 1995) (Fuqua and Greenberg 1996) (Hardman and Williams 1998) 

(Figure 1.3). 

Similar regulatory systems have been found in other gram negative bac

teria. In almost all cases there eire luxl and ItixR homologs regulating genes for 

the density-dependent phenotype. The main difference is the structure of the AHL 

signal, which contains a homoserine lactone moiety but differs in length and substi

tutions located on the acyl side-chain. Quorum sensing has been shown to regulate 

a variety of phenotypes. AHL autoinducers control expression of virulence factors 

and secondary metabolite production in Pseudomonas aeruginosa, antibiotic pro

duction and virulence factors in Erwinia carotovara, plasmid conjugal transfer in 

Agrobacterium tumefaciens, and swarming in Serratia liquifaciens (Salmond et al. 

1995) (Fuqua emd Greenberg 1996) (Hardman and WiUiams 1998). Among the 
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growing list of quorum sensing bacteria are animal, plant, and insect pathogens; 

symbionts; and free-living bacteria. 

An important question is what is the advantage of delaying activation of 

important genes until the population reaches a quorum? For Vibrio fisherii, bio-

luminescence is an energetically expensive process. With quorum sensing, the bac

teria will only create light when in large enough numbers to be seen, which is im-

portemt for its symbiotic hosts, like the squid Euprymna scolopes. Free-living Vibrio 

fisherii is never in large enough numbers to trigger liuninescence. For pathogens, 

turning on virulence factors too early may trigger host defense responses before 

they are in large enough numbers to overcome these defenses (Salmond et al. 1995) 

(Fuqua and Greenberg 1996) (Hcirdman and Willicuns 1998). 

Recently, it was found that Salmonella enterica has a luxR homolog gene 

sdiA, but no AHL synthase, or luxI-Uke gene. It is hypothesized that sdiA exists 

solely to recognize AHL signals firom other bacteria (Michael et al. 2001). This is 

not only important because it is the first finding of its kind, but it also provides 

supporting evidence that signaling can occur between populations. 

Gram-positive bacteria can also signed each other to sense population size, 

but not via AHLs. Gram-positive phenotypes regiilated by quorum sensing include 

genetic competence in Bacillus subtilis cuid Streptococcus pneumoniae, vinilence 

factors in Staphylococcus aureus, and anti-microbial peptide production in several 

gram-positive species (Kleerebezem et al. 1997). The primary strategy used by 

these bacteria is the active secretion of oligopeptide signal molecules, which vary 

between species. These are recognized at the surface by a two-component histidine 
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kinase transduction system, which will signal gene expression for the density depen

dent phenotype and the peptide autoinducer (Kleerebezem et al. 1997) (Hardman 

and Williams 1998). An exception are some Streptomyces species which produce 

diffusible 7-butyrolactones similar to AHL molecules. These regulate streptomycin 

synthesis/resistance and sporulation (Horinouchi and Beppu 1992). Regardless of 

the signal used, the fact that this kind of cell signaling has evolved in so many 

bacteria points to its importance and effectiveness. 

PhzI/PhzR 

A cosmid library of strain 30-84 was introduced in trans into streiin 30-84Z, a strain 

30-84 derivative with a phzB::lacZ genomic fusion. This reporter strain allows quan

tification of phzB expression. The cosmid that contained the phenazine biosynthetic 

genes also increased phzB expression in strain 30-84Z six-fold. A phenazine regula

tor, named phzR, was identified immediately upstream of the phz operon. Sequence 

analysis revealed that PhzR is similar to transcriptional activators like LuxR in 

Vibrio fisherii. A fimctional PhzR is required for phenazine production (Pierson 

III and Wood 1994). Sterile strain 30-84 culture supernatants also activated phzB 

expression in strain 30-84Z at a lower cell density than normal (Pierson III and 

Wood 1994). This provided evidence that there is an autoinducer produced by this 

strain and that phenazine gene expression is regulated by quonmi sensing. 

Analysis of the genomic region upstream of phzR reveeded a small ORF. 

The sequence of this gene is 49% similar to luxl in Vibrio fisherii. A lux box-like 

region was found in the operator of this gene, as well as upstream of the phz operon, 

suggesting they are controlled by an AHL-responsive transcriptional activator. A 
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Figure 1.4: iV-hexanoyl-homoserine lactone 

f\inctional phzl is also required for phz expression (Wood and Pierson III 1996). In 

1997, Wood et al. identified the autoinducer synthesized by Phzl as iV-hexanoyl-

homoserine lactone (HHL) (Figure 1.4). 

A second quorum sensing system, involving the genes csal/R, has also been 

found in strain 30-84. Though extra copies of these genes increased phenazine 

production in strain 30-84, mutants in either gene produced wild-type levels of 

phenazine (Zhang and Pierson 2001). It is therefore believed that this quorum 

sensing system does not normally regulate phenazine gene expression. 

It was found that double mutations in phzl/csal or phzR/csaR eliminated 

not only phenazine production, but also exoprotease production (Zhang and Pier

son 2001). csal/R mutants produced wild-type levels of exoprotease. Thus, these 

quorum sensing systems interact with each other for protease, but not phenetzine, 

production. CsaR and Csal/Phzl mutants also have a smooth, mucoid colony ap

pearance on King's Medium B (KMB) which can be reversed by introduction of 

csaR or addition of csal AHL signal, suggesting that this regulatory system con

trols genes for cell surface properties (Zhang and Pierson 2001). 

Though this quorum sensing system does not regulate phenazine antibiotic 
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production, it is still important to consider. The two known quorum sensing sys

tems in strain 30-84 regulate many important characteristics, such as phenazine, 

and therefore positive and negative signaling from other bacteria could have many 

implications on the survival and effectiveness of strain 30-84 in the rhizosphere. 

GacA/GacS 

GacA and GacS axe important two-component global regulators in a variety of bac

teria, including m£my Pseudomonads. GacS is a membrane-associated signal kinase 

protein that is capable of autophosphorylation. Upon perception of a signal, it ac

tivates the response regulator protein GacA, which then up-regulates expression of 

specific genes. The signal perceived by GacS is unknown, as is the exact mecha

nism of GacA activation. In Pseudomonas fluorescens CHAO, a different biological 

control bacterium, GacA regidates 2,4-diacetylphlorogIucinol antibiotic production. 

GacS is required for lesion formation in the plant pathogen Pseudomonas syringae 

pv. S3rringae B728a (Heeb and Haas 2001). In Pseudomonas aeruginosa PAOl, 

gacA mutants have reduced production of the signal iV-butyryl-homoserine lactone 

(BHL) that regulates pyocyanin and hydrogen cyanide production. 

In Pseudomonas aureofaciens strain 30-84, two mutants were isolated that 

no longer produced protease, hydrogen cysmide, and phenazine. Chsmcey et al. 

(1999) found that these mutants could not be complemented for phenazine produc

tion by phzl, phzR, or the phz biosynthetic operon. One of these mutants was com

plemented by a fragment of the strain 30-84 genome encoding GacA, while the other 

could be complemented by gacS homologs from P. fluorescens. These mutants had 

normal levels of phzR transcription but severely reduced expression of phzL This 
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indicated that GacA and GacS play a role in phenazine regulation through phzl 

transcription. Interestingly, these mutants could not be complemented by addition 

of exogenous AHL. One possible explanation is if a second transcriptional activator, 

either GacA or a protein imder its control, is required to bind the phz box (Chancey 

and Pierson III 1999). 

RpoS 

Sigma factors are global regulators that act by binding RNA polymerase and chang

ing the promoter sequence it will recognize. In doing this they can alter gene 

expression for different environmental and physiological conditions. RpoS is the 

bacterizd sigma factor important for regulating genes during starvation or the sta

tionary phase. The gene encoding RpoS was cloned from strain 30-84 to investigate 

its role in phenazine production. In nutrient-poor situations, RpoS is required for 

phenazine production. It controls AHL production through the regulation of phzl 

transcription. RpoS does not regulate transcription of phzR. Phenazine loss in the 

mutant 30-84S (RpoS~) could be restored by addition of exogenous AHL. In con

trast, in nutrient-rich environments, loss of RpoS caused an increase in phenazine 

production, but had no effect on phzl trsmscription (Blachere, impublished). This 

suggests phenazine regulation by RpoS is a complex system with several control 

points. 

RpeA 

A Tn5 mutant of strain 30-84 weis isolated with increased phz expression in rich 

and minimcd medium. This mutation had no effect on the amount of AHL signal 
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Figure 1.5: Phenazine regulation in P. aureofaciena strain 30-84 

produced. The Tn5 insertion was mapped to a gene similar to histidine kinases 

like RstB &om E. coli and Pseudomonas aeruginosa. In strain 30-84 it has been 

named RpeA, for repressor of phenazine expression (Whistler, vmpublished). RstB 

is coupled with RstA as part of a two-component regulatory system of unknown 

function. This is the first negative regulator of phenazine production identified in 

strain 30-84. 

The current model of phenazine regulation in Pseudomonas aureofaciens 

strain 30-84 is shown in Figure 1.5. 

1.2.5 Interpopulation Signaling 

The rhizosphere, which is defined as the region of soil influenced by the root, is 

an area of intense microbial activity. Based on what we can culture alone, this 

ecosystem has enormous microbial diversity. It is both interesting and important 
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for us to understand how these bacteria co-exist or compete for the same niche. 

A microbial rhizosphere population is very dynamic zind responds rapidly to 

rhanging environmental conditions. Bacteria in these populations have employed 

m£my strategies to assure their survival in this competitive environment. These 

strategies include parasitism, antagonism, and niche exclusion, where bacteria have 

evolved advanced mechanisms that allow them to survive in a specific area. Some 

bacteria can scavenge particular resources better then others thereby forcing star

vation in competitors. There are also ways that the bacteria have learned to live 

together in mixed commimities. Many of these interactions have been and are being 

currently studied. 

Though Pseudomonas aureofaciens strain 30-84 was originally isolated from 

the wheat rhizosphere, there can be varying results as to how well this bacteria can 

persist and produce phenazine when applied for control of take-all. One likely reason 

for this inconsistency are the other rhizosphere inhabitants, which may help or hurt 

strain 30-84 by competitive mechanisms. One of our goals is to understand these 

commimity interactions in order to improve biological control. 

Pierson amd Pierson (1996) suggested that interspecies interactions could 

occur in mixed populations at the level of gene expression. It is known that bacteria 

produce diffusible signals in nature, like AHLs. Preliminary studies demonstrated 

that mutant strain 30-841 (Phzl~), which produces no AHL signal, could be com

plemented by AHLs from isogenic and non-isogenic rhizosphere strains (Figure 1.6). 

In a follow-up study, 700 bacteria were isolated from the wheat rhizosphere at three 

different geographic locations. Of the 700 strains, eight% of these isolates restored 

phenEizine production to the phzl mutzint in vitro. A sub-set of these were selected 
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Figiire 1.6: Isolate screen for positive communication with strain 30-841 

for screening on roots. All were able to activate a phzBr.inaZ reporter in 30-84Ice/I 

in situ (Pierson et al. 1998). The ability of non-isogenic strains to activate gene 

expression via diffusible signals was termed "positive commimication". Because 

phenazine production is important for rhizosphere competence by strain 30-84, this 

type of influence on phenazine gene expression could have important implications 

for rhizosphere population dynamics. 

Intrapopulation signaling, such as quoriun sensing, has been well character

ized. However, interpopulation signaling, though likely just as prevalent in nature, 

remains understudied (Parsek and Greenberg 2000). It has been shown that in

terpopulation signaling can assist strain 30-84 in the rhizosphere (Pierson et al. 

1998). In this work, we hypothesized that because of the importance of phenazine 

production in persistence and competition, it is possible that some non-isogenic 

rhizosphere bacteria have evolved mechanisms to suppress its production in strain 

30-84. We proposed that one mecham'sm for this is by "negative communication", 
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or the production of novel signals which inhibit phenazine gene expression. We in

vestigated whether the target of these signals is AHL-regnlation of phenazine. We 

also proposed that if these signals prevent phenazine production, they could limit 

the fungal inhibitory activity of strain 30-84. Thus, negative communication could 

be a factor that contributes to the inconsistency of biological control in the field. 

1.2.6 Inhibition of Quorum Sensing 

There have been several chemical signals identified to date which inhibit bacterial 

phenotypes regulated by quorum sensing. In order to characterize negative signaling 

in the wheat rhizosphere, it is useful to imderstand how other negative signals 

operate in nature. 

Halogenated Furanones 

The algae Delisea pulchra produces many secondary metabolites, some of which are 

classified as halogenated furanones. These molecules are structurally similar to AHL 

molecules (Figure 1.7) (Givskov et al. 1996). When assayed for activity, they were 

found to inhibit swarming in Serratia liquifaciens (Givskov et al. 1996) and bio-

luminescence in Vibrio fisherii (Givskov et al. 1996) and Vibrio harveyi (Manefield 

et al. 2000). Synthetic derivatives of halogenated furanones also negatively affect 

biofilm formation in Pseudomonas aeruginosa (Hentzer et al. 2002). Though these 

bacteria do not naturally co-exist with Delisea pulchra, all of these phenotypes are 

under the control of AHL signals. It is believed that halogenated furanones bind 

to LiixR-like proteins and prevent activation or lux-hax. binding (Manefield et al. 

1999). Biologicfdly relevant concentrations of these molecules prevent transcription 
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Figure 1.7: Halogenated Puranone 

of these AHL-mediated genes, but seem to have limited efiects on non-AHL related 

proteins or bacterial growth rates (Msmefield et al. 1999). Halogenated furanones 

have also been found to inhibit adhesion and swarming phenotypes in a range of 

marine bacteria. Though the regulation of these phenotypes is not known in these 

organisms, they naturaJ3y colonize the surface of Delisea pulchra (Kjelleberg et al. 

1997). 

Diketopiperazines 

Cyclic dipeptide compounds known as diketopiperazines (DKPs) were isolated from 

the supematants of Pseudomonas aeruginosa cultures. These peptides were iden

tified based on their ability to activate swarming in Serratia liquifaciens and bio-

limiinescence in a recombinant AHL-biosenser E. coli strain. It was also foimd that 

some DKPs, such as cyclo(L-Pro-L-Tyr) (Figure 1.8), antagonized AHL-activation 

in the same biosensers (Holden et al. 1999). Based on competition studies and their 

structural similarity to AHLs, it is believed these DKPs compete with the AHL sig

nal for LuxR-like activator binding (Holden et al. 1999). Though interesting, the 

activity of DKPs is only detectable with highly concentrated samples. 



29 

OH 

Figure 1.8: Diketopiperazine cyclo(L-Pro-L-Tyr) 

AHLs 

Chromobacterium violacium makes violacein, a purple pigment which is regulated 

by AHL quorum sensing. CV026 is a mutant derivative that makes no AHL or vio

lacein, and can therefore be used as an AHL biosenser. McClean et al. (1997) tested 

this reporter against a wide range of synthetic AHL molecules. They foimd that all 

AHLs with acyl chains of 4-8 carbons induced violacein synthesis, while those with 

10-14 carbons did not. Even in the presence of short chain AHLs, these long chain 

AHLs inhibited violacein production (McClean et al. 1997). This inhibition also oc

curred when naturally occurring long chain AHLs, like AT-oxodecanoyl-L-homoserine 

lactone (ODHL) (Figure 1.9) from the fish pathogen Vibrio anguillarum, were ap

plied. 

The bacteria Aeromonas hydrophila and Aeromonas salmonicida regulate 

serine protease production via iV-butanoyl-L-homoserine lactone (BHL), and to a 

lesser extent JV-hexanoyl-L-homoserine lactone (HHL). Swift et al. (1997) tested 
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Figure 1.9: iNr-(3-oxodecanoyl)-L-homoserine lactone (ODHL) 

various AHL derivatives for activation of serine protease in these bacteria. Most 

had a positive or neutral effect, but longer chain AHL's, such as ODHL, decreased 

serine prote£ise transcription in Aeromonas salmonicida (Swift et al. 1997). These 

long chain AHLs may preferentially bind LuxR-like proteins but prevent the con

formational change necessary for activation. 

Pea exudates 

TepUtski et al. (2000) collected root exudates from several higher plants and tested 

them for activation or inhibition of several AHL reporter strains, such as Ckro-

mobacterium violaceum CV026, Serratia liquifaciens MG44, and E. coli carrying 

a lux cassette {luxl~), Memy exudates activated the reporters; for example, bio-

luminescence was detected in E. coli after exposure to soybean exudates. However, 

when CV026 was exposed to pea exudates or pea seedlings, there was coordinate in

hibition of violacein, protease, and chitinase production. Inhibition increased with 

exudate concentration and was only parti£illy reversed by addition of exogenous 

AHL. Though the ranges of activity varied, most higher plants tested produced 

compounds which mimicked the activity of AHLs in some way(Teplitski and Bauer 

2000). The chemical nature of these AHL mimics is currently unknown. 
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AiiA 

The gene aiiA, cloned from Bacillus sp. 240B1, encodes a unique 250 amino acid 

protein (Dong et al. 2000). This enzyme has two small regions which are similar to 

regions in zinc metalloenzymes. AiiA was foimd to enzymatically inactivate AHL 

signals, possibly by hydrolyzing the amide linkage between the homoserine lactone 

and the acyl chain, or by cleaving the ester bond of the homoserine lactone. It 

could not be detected in culture supematants, inferring that it operates in the cell 

cytoplasm (Dong et al. 2000). In Erwinia carotovora induction of virulence genes 

is controlled by AHLs. This pathogen has a hypovinilent phenotype when aiiA is 

expressed in trans (Dong et al. 2000). Though Bacillus sp. 240B1 is gram-positive 

and does not produce AHL signals, aiiA may be a competitive mechanism against 

AHL-utilizing gram negative strains. 

Oxidized Halogens 

Synthetic oxidized halogen molecules have frequently been used in industry to con

trol microorg£uiisms due to their biocidal properties. It was found recently that 

these molecules react with 3-oxo-acyI homoserine lactones, like those produced by 

Pseudomonas aeruginosa, emd eliminate their ability to act as a signal in E. coli 

biosensers (Borchardt et al. 2001). For previously unknown reasons the algae Lam-

inaria digitata releases the oxidized halogen hypobromous acid (HOBr). HOBr was 

also found to de-activate 3-oxo AHLs. Borchardt et eiI. (2001) hypothesize that the 

algae may produce these compounds to control biofilm formation on its svirface. 
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Autoinducing Peptides 

As stated earlier, some gram-positive bacteria can regulate genes via autoinducing 

peptides. Similar to AHL quoriun sensing, bacterial culture supematants will pre

maturely induce transcription of peptide-mediated genes in the same strciin. For 

Staphylococcus aureus £ind Staphylococcus lugdunensis, culture supematants &om 

different strains can inhibit, rather than induce, expression of peptide-mediated 

genes (Guangyong and Novick 1997). Genes under peptide regulation in Staphylo

cocci include virulence factors and other extracellular proteins important in com

petition (Kleerebezem et al. 1997). 

1.3 Thesis Overview 

In the following chapter, I will review the materials and methods used in this re-

se£irch. Chapter 3 will discuss the results and conclusions derived &om each exper

iment. A summary and discussion of the research will be included in chapter 4, as 

well as future directions of this project. 
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CHAPTER 2 

Materials and Methods 

2.1 Bacterial Strains and Plasmids 

Bacterial strains eind pleismids used in this work eire described in Table 2.1. All 

Escherichia (E.) coli strains were incubated at 37° C, unless otherwise noted. Pseu-

domonas aureofaciens strain 30-84, its mutant derivatives, and all rhizosphere bac

teria were incubated at 28°C, unless otherwise noted. All cultures less than 5 ml 

were grown in 18 x 100 mm test tubes. Cultures 10 ml or greater were grown in 125 

or 250 ml Erlenmeyer fleisks. All liquid ciiltures were inoculated &om fresh culture 

plates streaked firom glycerol stocks within 1 week. 

2.2 Media 

All culture media used are described in Table 2.2. Antibiotics or Amendments were 

used at the following concentrations: rifampicin: 100 //g/ml, kanamycin; 50 //g/ml, 

tetracycline: 25 /ig/ml for E. coli and 50 A'g/ml for Pseudomonads, ampicillin: 

100 /ig/ml, and X-Gal: 2%. When relevant, cultures were prepared using proper 

antibiotic selection for plasmid maintenance. 
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Table 2.1: Bacterial Strains and Plasmids 

Strain or Plaamid Relevant Characteristics Source 

P. aiireofacient 30-84 Wild type Plw+ Rif« Pierson iind Thomashow 1992 
30-84Z Phz- phzBxdacZ Pierson and Wood 1994 
30-84Ii/Ia Pha- phzl- CMoI- Zhang and Pierson 2001 
30-84R Phz- phzR::lacZ Pierson and Wood 1994 

E. coli DH5a P- re^- endA- hsdR- Gibco-BRL 
tupEAA thi- gyrA96 
reMlD {argF-lacZYA)nm 
(SOlaeZ DM15 

HBlOl F- /t«dS20(rB-inB-) Gibco-BRL 
$upB4A rec41 ara- 14 prDj42 
lacYl gaUC2 rpaL20 xyl-S mtl-S 

MC1061 P- mcrA D{mrT-hadRMS-mcrBC) Gibco-BRL 
f80{acZDM15 DlacX74 dttoR recAl 
araD139 D(ara-/eu)7697 galU 
a<UK rpsL endAl nupG 

Pseudomonat PU-5 Wild type This study 
Pseudomonas PU>15 Wild type This study 
Pseudomonas PU-177 Wild type This study 
Janthinobacteriwn PU-295 Wild type purple pigment This study 
Pseudomonas PU-761 Wild type This study 

pLAFR3 cot rlx-i- Tet* IncPl Staskawicz et ttl. 1987 
pDW7311mdA pLAFR3 with Chancey et. al. 1999 

phzl ituidA 
pRK2013 tro Km'* Figurski and Helinski 1979 
pSUP1021 TnS Km* Pierson and Thomashow 1992 
pLAFR32.7RV« pLAFR3 with 2.2-Kb 30-84 Wood and Pierson 1996 

genomic insert phzt 
pJEMl7-37 pLAFR3 with 23-Kb PU-15 This study 

genomic insert 
pJEM24-16 pLAFR3 with 23-Kb PU-15 This study 

genomic insert 
pJEMl7-37Rl-3.5 pLAFRS with 3.5-Kb EcoRl This study 

fragment of p JEM 17-37 
pJEM17-37IU-8 pLAFR3 with 8-Kb EcoKl This study 

fragment of pJEM17-37 
pJEMl7-37Rl-14 pLAFR3 with 14-Kb BcoKl This study 

fragment of pJEM17-37 
pUClS ColEl Amp« Yanisch-Perron et al. 1985 
pUClSramA pUC18 with PU-15 rtmA This study 
pLAFlSrsmA pLAFR3 with PU-15 ramA This study 



Table 2.2; Media 

Media Ingredients 

Luxia-Bertani (LB) broth/agar 10 g Bacto Tryptone Peptone 
5 g Yeast extract 
5 g NaCl 
1000 ml ddH20 
15 g agar 

Pigment Producing Media 20 g Protease Peptone No. 3 
(PPMD) broth/agar 5 g NaCI 

1 gKNOa 
10 ml Glycerol 
1000 ml ddH20 
15 g agar 
pH 7.2 

Kanner Medium Potato 40 g Boiled Potato Extract 
Extract (KMPE) agar 20 ml 20 % Glucose 

1 ml FeNH4Citrate 
50 ml 20X Kanner Stock 
1 ml 1 M MgS04x7H20 
928 ml ddH20 
15 g agar 

Skim Milk agar 80 g Skim Milk Powder 
1000 ml ddHaO 
15 g agar 

Minimal Medium 9 (M9) agar 100 /il 1 M CaCh 
50 ml 20X M9 Salts 
2 ml 1 M MgS04x7H20 
10 ml 20% Glucose 
940 ml ddH20 
15 g agar 

King's Medium B (KMB) agar 20 g Protease Peptone No. 3 
1.5 g K2HPO4 
1.5 g 1 M MgS04x7H20 
20 ml Glycerol 
1000 ml ddHaO 
15 g agar 
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stored at 4°C for 48 hours. 

2.6 Quantification of Phenazine Production in CM 

CM prepared with PPMD broth was inoculated with 20 ^1 streiin 30-84 LB broth 

culture and shaken for 24 hours. Before inoculation, strain 30-84 cells were washed 

twice by centrifuging 1 ml of the overnight culture at 15,700 x g for 1 minute and 

resuspending the pellet in 1 ml fresh LB broth. OD620 was measured to assure that 

cell densities were within 0.1 for all cultures. Cultures were grown, not adjusted, to 

the proper densities. Phenazine extractions were carried out on culture supematants 

as described in Pierson, et al. (1992), with the following modifications: cultures 

were spun at 13,800 x g for 10 minutes. Three ml of each supernatant was decanted 

into Fisher Scientific 2059 tubes. Two drops 12 N HCL were added and the tubes 

were vortexed briefly. Three ml benzene was added and the tubes were mixed at 50 

rpm for 2 hours. Tubes were centrifuged for 15 min at 11,200 x g and the benzene 

phase was transferred to new 2059 tubes and evaporated under N2 gas. Phenazines 

were resuspended in 1 ml 0.1 N NaOH and absorbance was measured at OD367 as 

a measure of total phenazine production. UV-Visible spectra was also measiured by 

wavelength scanning to assure peaks at 367 and 484, indicative of the presence of 

the phenazine structural rings and the OH ring of 20HPCA, respectively. 

2.7 Quantification of phzB Expression in CM 

CM prepared from LB broth was inoculated with 20 fii 30-84Z, washed as described 

above in LB broth, and shaken for 24 hours. ODeao was measured to assure cell 
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densities were within 0.1 for all cultures, as described above. /?-galactosidase activity 

was measured to quantify phzB expression as follows: 0.5 ml of each culture was 

mixed in glass culture tubes with 0.5 ml complete Z buffer (Miller 1972). To lyse 

the cells, 2 drops of chloroform was added and the tubes were vortexed immediately 

for 10 seconds. Two hundred /xl 4 mg/ml ONPG in complete Z buffer was added to 

begin reaction. Tubes were vortexed for 5 seconds. Time of reaction was recorded. 

0.5 ml 1 M NaaCOa stop buffer was added to tubes when sufficient yellow color 

developed (or after 10 minutes). 1 ml of the reaction was centrifuged at 15,700 x g 

for 5 minutes. OD414 £Uid OD540 of the supernatants were recorded. /3-galactosidase 

activity was quantified using the equation described in Miller (1972) and recorded 

in Miller units. 

2.8 Characterization of Isolates 

Five fil of overnight LB broth cultures of negative conmiunicators were spotted on 

skim milk, KMB, LB with X-gal, M9, and LB with Ampicillin plates. All plates 

were screened at 24 and 48 hours for zones of clearing, fluorescence, color, or growth, 

respectively. 

2.9 16s rRNA Analysis of Isolates 

The following were combined in 200 fil Polymerase Chain Reaction (PGR) tubes: 

25.5 /xl sterile deionized water, 10 fd Eppendorf 5X Taq Buffer, 5 /xl Eppendorf 

lOX Taq Buffer, 4 lOmM dNTP mixture, 2 fd primer 1, 2 fil primer 2, 1 fil 

template, 0.5 fA Eppendorf DNA Taq Polymerase. The template used was a 1:10 
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dilution in sterile deionized water of a LB broth overnight culture. Identical PGR 

reactions were run in all studies using the primers described in Table 2.3. PU-15 was 

subjected to zill primers listed; PU-5, PU-177, PU-295, and PU-761 were subjected 

to fDl and rPl only. 

All PGR reactions were run under the following conditions using an Ep-

pendorf Mastercycler Gradient Thermocycler: one cycle of 95°C for 3 minutes, 36 

cycles of 95°G for 30 seconds, 45°C for 30 seconds, and 72°G for 2 minutes, and one 

final cycle of 72°C for 10 minutes. 

Gompleted PGR reactions were pooled and run on a 0.7 % agarose 

gel. Bands were excised and purified using Qiagen's QIAQuick Gel Extrac

tion Kit (according to manufacturer's instructions). Purified PGR product 

and primers were sent to the University of Arizona DNA Sequencing Facility 

(http://uofadna.arl.arizona.edu/) and sequenced using an Applied Biosystems 377 

Automated DNA Sequencer. 

Sequences from primers rPl, SDBactl371aS20, and 687r were reverse-comp

lemented using ReadSeq v.1.2 (http: // www.nih.go.jp/~jun / cgi-bin / readseq.pl). 

Sequences from each primer pair were combined and submitted for database (nr) 

comparison to the NGBI nucleotide-nucleotide BLAST (http://www.ncbi.nlm.nih. 

gov/BLAST/). The sequence entry with the lowest "e" value and the highest per

centage of identical nucleotides compared to the query sequence was recorded. 

http://uofadna.arl.arizona.edu/
http://www.ncbi.nlm.nih
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Table 2.3: PGR Primers for 16s rRNA Analysis 

Primer Name Sequence (5' to 3') Source 
SDBact0515aAl9 GTGCCSGCMGCCGCGGTAA Kroes and Relman 1999 

SDBactl371aS20 AGGCCCGGGAACGTATTCAC Kroes and Relman 1999 

fDl AGAGTTTGATCCTGGCTCAG Weisburg et al. 1991 

rPl TACGGTTACCTTGTTACGACTT Weisburg et al. 1991 

645f GTAGCGGTGAAATGCGTAG This study 

687r GCCACTGGTGTTCCTTCC This study 

2.10 PU-15 Negative Signal Characterization 

To characterize the negative signal, 25 ml PU-15 LB broth cultures were spun and 

supernatants collected as described under conditioned medium preparation. Two 

ml of supernatant was boiled for 10 min or inoculated with 5 //l Pronase (Boehringer 

Mannheim, 5 mg/ml) or Proteinase K (Roche, 20 mg/ml) and mcubated at 37°C 

for 1 hour. Two ml of supernatant was also extracted three times with 2 ml ethyl 

acetate, chloroform, or hexanes by shaking the mixture at 50 rpm for 1 hr and 

centrifuging for 5 min. Phases were separated and the solvent phases were pooled 

and evaporated under Na gas. Two ml of LB broth was added to all samples and 

inoculated with 20 fA twice-washed strain 30-84Z. Controls of imtreated conditioned 

mediimi and 2 ml LB broth only were included, jd-galactosidase activity was mea

sured as described above (Miller 1972) after 24 hours. 

To attempt to fractionate the negative signal, 4 ml of PU-15 supernatant 

was applied to Bio-Rad Econo-Columns packed with 5 g either Sigma Mixed Bed 
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Resin TMD-8, Whatman Fibrous Cation Exchemger, or Sigma Dowex-1 Basic Anion 

Exchcmge Resin equilibrated in 0.02 M TVis (pH 8.0) buffer (Deutscher 1990). 2 ml 

fractions of column effluent were collected, mixed with 2 ml LB broth, and inocu

lated with 20 ^1 twice-washed strain 30-84Z. /?-galactosidase activity was measured 

Eifter 24 hours (Miller 1972). 

High pressure liquid chromatography (HPLC), using a Waters 515 HPLC 

Pump running a linear acetonitrile to water or methanol to water gradient, was 

performed with a Waters Econosphere C-18 column. One ml of concentrated PU

IS supernatant (500 ml of lyophilized supernatant resuspended in 1 ml LB broth) 

was injected using a Waters 717+ Autoinjector. One ml fractions of effluent were 

collected and dried down under Nj gas. All samples were resuspended in 2 ml 

LB broth and inoculated with 20 ^1 twice-washed strain 30-84Z. /3-galactosidase 

activity was measured after 24 hours (Miller 1972). 

To quantify phzl and phzR expression in CM, LB broth CM was inocu

lated with 20 /xl twice-washed strain 30-84(pDW7311uidA) or strain 30-84R cells 

[phzIr.uidA and phzR::lacZ transcriptional fusions, respectively) and shaken for 24 

hours, /^-glucuronidase (Wilson et al. 1992) or /?-galactosidase activity (Miller 1972) 

were measured and recorded in GUS or Miller units, respectively, /^-glucuronidase 

activity was assayed like /3-galactosidase activity described above with the follow

ing modifications: 0.5 ml GUS buffer was mixed with 0.5 ml each sample, 200 ^1 2 

mg/ml PNPG in ddHsO was added to begin the reaction, and 0.5 ml 0.4 M Na2C03 

stop buffer was added to stop the reaction (Gallagher 1992). 

LB broth CM from strains PU-15 and 30-84Ii/l2 were inoculated with 20 

fA twice-washed strain 30-84Z(pLAFR3) or strain 30-84Z(pLAFR32.7R,VA3) cells 
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to investigate the affect of extra copies of phzl in trans. ;3-galactosidase activity 

was measured after 24 hours and recorded in Miller units (Miller 1972). 

2.11 PU-15 Tn5 Mutagenesis 

The Tn5 suicide vector pSUP1021 was conjugated from E. coli S17-1 into a spon-

temeous rifampicin resistant derivative of PU-15 by triparental mating using the 

helper E, coli HB101(pRK2013) (Thomashow and Weller 1988b). Ex-conjugants 

were selected on LB plates with rifampicin and kanamycin. Six-thousand randomly 

selected mutants were replica pronged onto PPMD or PPMD with X-gal plates 

and sprayed after 24 hours with strains 30-84 or 30-84Z, respectively. Plates were 

screened after 24 hours for mutants lacking a white hzilo, indicative of loss of nega

tive signal production. 

Mutants were also inoculated in 48-well microtiter plates containing 200 

^l\ LB broth. After 24 hours, plates were inoculated with strain 30-84 by repUca 

pronging and screened for orange color in the wells after 24 hours, indicative of loss 

of negative signal production. 

2.12 PU-15 Genomic Library Construction and Screening 

Genomic DNA (100 //g) of PU-15 (CTAB/ethanol precipitated) was partially di

gested for 20 minutes with the restriction enzyme EcoKl. Fractions of partially 

digested DNA were collected from a trough cut in a 0.7 % agarose gel backed with 

sterile dialysis membrane. EcoRl digested pLAFR3 (2 ^g) and PU-15 genomic 
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DNA (60 fig) were combined, ethanol precipitated, and ligated. The ligation reac

tion was packaged into recombinant lambda phage using the Stratagene Gigapack 

III Gold Packaging Extract Kit (according to manufacturer's instructions). Pack

aged DNA was transfected into DH5a cells grown in LB broth with 0.2 % maltose. 

'DransfectEmts were selected on LB agar with tetracycline (25 /zg/ml) and 2% X-Gal. 

White clones (1500) were selected for the Ubrary, based on the following equation 

and a 99.5% probability of representing the entire PU-15 genome: 

h i ( l - / /G) '  

where N is the number of clones in the library, P is the probabil

ity of isolating £my given genetic sequence, I is the insert size (25 Kilo-

bases (Kb)), and G is the approximated genome size (6.3 Megabases (Mb)) 

(www.labs.roslin.ac.uk/jwilliam/bacequa.html). 6.3 Mb is an estimated number 

of bases in the Pseudomonas aeruginosa genome (Stover et al. 2001). 

Library cosmids were conjugated into strain 30-84Ii/l2 as follows: LB broth 

cultures of strain 30-84Ii/l2 and E, coli HB101(pRK2013) were spun at 11,700 x g 

for 10 minutes. Pellets were re-suspended in half their original volume with LB broth 

£md combined. 200 /xl of this mixture was spread on LB plates. Library clones were 

replica pronged on this lawn and incubated for 48 hours at 28°C. Ex-conjugants 

were selected by replica pronging onto LB plates amended with rifampicin and 

tetracycline (50 ^g/ml). 

LB broth cultures (100 /il) of strains 30-84 or 30-84Z were spread onto 

Pigment Producing Media (PPMD) plates. Library 30-84Ii/l2 ex-conjugates were 

replica pronged onto the lawns. Plates were screened for white halos surrormding 

library members at 24 and 48 hours. 

http://www.labs.roslin.ac.uk/jwilliam/bacequa.html
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2.13 Characterization of Library Cosmids 

Purified cosmids pJEM17-37 and pJEM24-16 were digested (5 fig each) with EcoRl 

and Hindlll and compared on a 0.8% agcirose gel. pLAFRS and pJEM17-37 were 

conjugated from E. coli DH5a into strains 30-84 and 30-84Z by triparental matings 

(Thomashow zmd Weller 1988b). Ex-conjug£ints were selected on LB plates with 

rifampicin and tetracycline (50 fig/wl). 

Strains 30-84(pLAFR3) and 30-84(pJEMl7-37) were streaked for single 

colonies on LB/tetracycline plates and visually compared at 24 and 48 hours for 

the appe£irance of phenazine production. Five ^1 LB/tetracycline broth cultures 

of strains 30-84(pLAFR3) and 30-84(pJEMl7-37) were also spotted on skim milk 

agar plates to measure exoprotease production. The radii of zones of clearing, in

dicative of protease activity, were measured at 48 hours. /?-galactosidase activity 

was measured (Miller 1972) from overnight LB/tetracycline broth cultures of strains 

30-84Z(pLAFR3) and 30-84Z(pJEM 17-37) to quantify phzB expression. 

2.14 Sub-cloning and Mutagenesis of pJEM17-37 

Three fragments, approximately 3.3, 8, and 14-Kb in size, from an EcoRl digest 

of pJEM17-37 were extracted from a 0.7% agarose gel using Qiagen's QIAQuick 

Gel Extraction Kit (according to manufacturer's instructions). Each fragment was 

ligated with EcoRl digested pLAFRS, smd transformed into E. coli DH5q. Trans-

formants were selected on LB plates with tetracyline and X-gEil. White transfor-

mants were conjugated into strain 30-84Ii/l2 by tri-parental matings and screened 

as described for PU-15 genomic library. Sub-clones were also conjugated into strain 
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Figure 2.1: The EZ::Tn Kan-2 Transposon 

30-84Z and assayed for ^-geilactosidase activity. 

Epicentre's EZ::Tn KAN-2 Insertion Kit (according to manufacturer's in

structions) was used to generate insertion mutants of pJEM17-37RI-3.5. The 

EZ::Tn Kan-2 Insertion Kit includes a mutant hjrperactive TnS transposase and a 

transposon containing a kanamycin resistance gene and the mosaic ends present in 

the wild-tjrpe TnS (Figure 2.1). With this system, a high efficiency transposon reac

tion can be set up to generate random insertion mutants. Mutants were transformed 

into E. coli MC1061 and selected on LB plates with tetracycline jmd kanamycin. 

Trsinsformants were conjugated into strain 30-84Z and assayed for /?-galactosidase 

activity. Plasmid DNA was purified from relevant mutants and sent to University of 

Arizona DNA Sequencing Facility (http://uofadna.arl.arizona.edu/) and sequenced 

using em Applied Biosystems 377 Automated DNA Sequencer. Sequencing primers 

(FP-l/RP-1) were provided by the EZ::Tn KAN-2 Insertion Kit. 

To obtain the total 3.5-Kb fragment sequence, additioned primers (Table 

2.4) were designed and submitted with insertion mutants for sequencing. Sequences 

http://uofadna.arl.arizona.edu/
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Table 2.4: Sequencing Primers for 3.5-Kb PU-15 Genomic Fragment 

Primer Name Sequence (5' to 3') 

FP-2 GAGTCAATCTTCCTTCGGC 

RP-2 CACTTCGTCCTTGCCGTC 

RP-3 GACATCACGATCACCATCC 

RP-4 CTTGGCATTGCTGCTGTGC 

were assembled using Readseq v.1.2 (http://www,nih.go.jp/jun/cgi-bin/readseq.pl) 

and LALIGN (www.ch.embret.org/software/LALIGN-form.html). Sequences were 

submitted to the NCBI nucleotide-nucleotide BLAST 

(http://www.ncbi.nlm,nih.gov/BLAST/) for comparison to the database (nr). 

2.15 Cloning of ramA 

To clone rsmA from the PU-15 3.5-Kb genomic fragment, PGR primers were de

signed from the fragment sequence to amplify 650 bp region including the rsmA 

ORF. PGR reactions were set up as described in 16s rRNA analysis. The primers 

used were OFP-2/ORP-1 (Table 2.5) emd the template used was 1 ^1 of pJEM17-

37R1-3.5 (1 /ig//il). Template controls of pLAFRS and ddH20 were nm in parallel. 

All PGR reactions were nm under the following conditions using an Ep-

pendorf Mastercycler Gradient Thermocycler: one cycle of 95°C for 3 minutes, 25 

cycles of 95°C for 30 seconds, 45°G for 30 seconds, and 72°C for 2 minutes, and one 

final cycle of 72° G for 10 minutes. 

Gompleted PGR reactions were pooled and rtm on a 1.0 % agarose gel. 

http://www.ch.embret.org/software/LALIGN-form.html
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2.16 In vitro Ggt Inhibition Assays 

LB broth cultures of strain 30-84 were mixed in microcentrifuge tubes with LB 

broth cultures of negative communicators at ratios of 25:75, 50:50, and 75:25. Prior 

to mixture, OD620 was measured and all cultures were adjusted with LB broth to 

cell densities within 0.1. Tubes were vortexed to assure mixture. Five yX of each 

mixture was spotted twice onto opposite sides of a KMPE plate. Strain 30-84 

and each negative commimicator were also spotted alone as controls. Plates were 

incubated for 24 hours. A 5 mm plug of the fungus Gaeumannomyces graminis pv. 

tritici (Ggt), taken from the leading edge of a fresh PDA culture plate, was placed 

in the center of each KMPE plate. A KMPE plate with Ggt only was included 

as a control. Plates were incubated at 28°C. Growth of fungal mycelium and the 

distance between the margin of growth and the bacteria was recorded in mm after 

5 days. 

2.17 Statistical Analysis 

Standard errors were calculated in all ceises. Mean values (OD, Miller, GUS, or mm 

units) were compared by analysis of varicuice (ANOVA) or two-sample t tests. 



49 

CHAPTER 3 

Results 

3.1 Identification of Negative Communicating Isolates 

A wheat rhizosphere community libreiry (Pierson et al. 1998), consisting of ca. 

700 isolates from Pullman, Washington, was screened to identify a sub-population 

that interferes with phenazine production in Pseudomonas aureofaciens strain 30-

84. Interference was initially screened by spotting overnight cultures of rhizosphere 

isolates on a lawn of strain 30-84 and scoring for the appearance of a white halo 

(Figure 3.1). Approximately 4% of the rhizosphere isolates had this inhibitory 

effect (Table 3.1). Strain 30-84 recovered phenazine production when re-streaked 

onto fresh media in the absence of the inhibitory strain (data not shown). Loss of 

phenazine production was therefore not due to a spontcmeous mutation cuid only 

occurred when the strains were in close proximity. These isolates also caused the 

formation of a white halo on a lawn of strain 30-84Z, (Table 3.1) (Figure 3.2), 

which has a phzBdacZ transcriptional fusion, indicating inhibition of phenazine 

tremscription. 
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Table 3.1: Wheat Rhizosphere Isolates that Interfered with Phenazine Production 
by Strain 30-84 and phzB::lacZ Expression of Strain 30-84Z 

Isolate White Halo on 30-84 Lawn White Halo on 30-84Z Lawn 

PU-2 -1- + 
PU-5 + + 
PU-7 + 4-
PU-9 + + 
PU-10 + + 
PU-15 + + 
PU-16 + 
PU-17 + + 
PU-22 + + 
PU-31 -j- + 
PU-36 + + 
PU-38 + + 
PU-43 + + 
PU-46 -h + 
PU-81 + -1-
PU-86 + + 
PU-88 + 
PU-164 + + 
PU-177 4- + 
PU-295 + + 
PU-320 + 
PU-340 + + 
PU-532 + + 
PU-669 + + 
PU-710 + 
PU-712 + 
PU-715 + + 
PU-720 + 
PU-737 + 
PU-741 + 
PU-761 + 
PU-765 + 

a: PU = Pullman, WA (source of isolate) 
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Figure 3.1: Initial screen for negative communication with strain 30-84 (as described 
in Chapter 2) 

\\ 

Figure 3.2: Initial screen for negative communication vrith strain 30-84Z (as de
scribed in Chapter 2) 
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3.2 Conditioned Medium Reduces Phenazine Production and Expres

sion 

Five isolates: PU-5, PU-15, PU-177, PU-295, and PU-761, which inhibited 

phenazine production but did not inhibit growth of strain 30-84 were selected for 

further analysis. Conditioned medium (CM), which consists of half fresh media 

and half cell-free spent culture supernatants, was prepared from cultures of these 

isolates. This eiUows bacteria to be cultured in the presence of another bacteria's 

metabolites. CM was also prepared from strains 30-84Ii/l2 and 30-84Z as neutral 

and positive controls, respectively. 

CM was inoculated with strain 30-84. Strain 30-84 in CM derived from 

the rhizosphere isolates appeared visually to produce less phenazine them in CM 

derived &om strains 30-84Ii/l2 or 30-84Z at the same OD620 (Figure 3.3). Phenazine 

extractions were performed on culture supernatants and phenazine levels in each 

CM were quantified at OD367 (Table 3.2). Phenazine production by strain 30-84 

in CM from the rhizosphere isolates was 14-68% of that produced in 30-84Ii/l2 

CM. Control 30-84Ii/l2 provides no positive or negative signeils and shows base

line levels of phenazine production in a CM. Strain 30-84Z contributes the positive 

signal, HHL, to CM and causes elevated levels of phenelzine production. 

Conditioned mediimi were cdso inoculated with str£iin 30-84Z and assayed 

for |d-galactosidase activity. E. coli DH5a was included as an additional neutral con

trol because it contributes no AHL signals to the CM. Expression of the phzB::lacZ 

reporter in CM &om the rhizosphere isolates was 11-23% of expression levels in 

strain 30-84Ii/l2 or DHSa CM (Table 3.3). Expression in CM prepared from strain 

30-84Z was ca. 2.5 times greater than the other controls (Table 3.3). At the time 
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Figure 3.3: Phenazine extractions of strain 30-84 cultures grown in CM (as de
scribed in chapter 2). CM Source from left: 30-84Z, PU-761, PU-295, PU-15, PU-5, 
30-84Ii/l2 

Table 3.2: Phenazine Production by Strain 30-84 in CM 

CM Source OD367 ® Relative Production ^ 
30-84Ii/l2 1.76 ± .12" 1.0 
PU-5 .727 ± .06 .41 
PU-15 .765 ± .12 .43 
PU-295 .237 ± .06 .14 
PU-761 1.23 ± .06 .68 
30-84Z 2.35 ± .12 1.3 

a: Absorption of the phenazine basic structural ring 

b: Phenazine production compared to 30-84Ii/l2 control 

c: Values are average of three replicates; standard errors are given 

d: Means are statistically different 
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of assay, all cultures had comparable OD620 values. 

The presence of this inhibitory activity in CM, without apparent effects 

on the growth of strain 30-84, implies that these isolates produced an extracellular 

signal that inhibited phzB transcription, and thus phenazine production. We have 

termed this interaction "negative communication." PU-15 was selected for all future 

experiments investigating the nature of this type of signal due to its reproducibility 

and lack of independent fungal inhibition,. 

3.3 Characteristics of Negative Communicators 

Isolates were characterized initially on the basis of fluorescence, protease produc

tion, lactose utilization, ability to grow on minimal media, resistance to /^-lactam 

antibiotics, and colony appearance. Results are shown in Table 3.4. 

3.4 16s rRNA Analysis of Negative Communicators 

Ancdysis of 16s ribosomed RNA (rRNA) was performed on all isolates by PGR 

using imiverscJ primers fDl and rPl (Table 2,3). These primers generate >96% 

of the 16s rDNA sequence used for genus identification (Weisburg et al. 1991). 

All isolates were found to be Pseudomonads, with the exception of isolate PU-295, 

which belongs to the group Janthinobacterium (Table 3.5). 

To obtziin a more complete sequence of PU-15, two sets of 16s rDNA uni

versal primers, fDl/rPl and SDBact0515£LA19/SDBactl371aS20, and two designed 

primers, 645f and 687r, were used (Table 2.3). Figure 3.4 shows a 1442 base pair 

(bp) firagment of the 16s rDNA gene of PU-15. Sequence analysis revealed that this 
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Table 3.3: /J-galzictosidase Activity of Strain 30-84Z in CM 

CM Source /3-galactosidase Activity 
(Miller Units) 

Relative Expression* 

30-84Ii/l2 193 ±23" 1.0 
DH5a 211 =b 18 1.1 
PU-5 44 ± 1 .23 
PU-15 33 ± 5 .17 
PU-177 33 ± 2 .17 
PU-295 21 ± 2 .11 
PU-761 32 ± 5 .17 
30-84Z 466 ± 46 2.4 

a: ExpressioD of the phzB::lacZ reporter relative to the 30-84Ii/l2 control 

b: Values axe the average of three replicates; standard errors are given 

c: Means are statistically different 

Table 3.4: Characteristics of Negative Comnnmicators 

Characteristic PU-5 PU-15 PU-177 PU-295 PU-761 

Fluorescence - - + - -

Protease 
Production 

+ 

Lactose 
Utilization 

- - - - -

Growth on M9 4- -f +/- + 

Ampicillin 
Resistance 

+ + -i- + 4-

Colony Color tan tan white purple white 
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fragment is 99% identical to the 16s rDNA of Pseudomonas sp. NZ081, with 4 nu

cleotide variations. Strain NZ081 is a Pseudomonad isolated from New Zealand that 

causes blotch disease on the mushroom Agaricus biosporus (Godfrey et al. 2001). 

Due to its novel 16s rDNA sequence, PU-15 may be a previously uncharacterized 

Pseudomonas strain. 

3.5 Characteristics and Mechanism of PU-15 Negative Signal 

To initially characterize the negative signal produced by PU-15, CM was treated and 

inoculated with strain 30-84Z for /9-galactosidase activity assays. Negative signal 

activity was retained in PU-15 CM after treatment with either heat or proteases 

(Table 3.6). Activity also remained in the aqueous phase after extraction of PU

IS culture supematants with ethyl acetate (Table 3.6), chloroform, and hexanes 

(data not shown). Therefore, the negative signal is believed to be a heat stable, 

non-proteinacious, polar compound. 

Ion-exch£inge chromatography and HPLC were performed in an attempt to 

separate the signal from other aqueous components. In both cases, activity could 

not be detected in any fraction collected from the columns (data not shown). The 

signal was either retained by these columns, altered making it biologically inactive, 

or there are two necessary signals that elute under different conditions. 

To investigate whether PU-15's negative signal prevents transcription of the 

phenazine biosynthetic genes by controlling transcription of its regulatory elements, 

phzl and phzR, CM was inoculated with strains 30-84(pDW7311uidA) and 30-84R 

{phzl::uidA and phzR::lacZ transcriptional fusions, respectively), /^-glucuronidase 
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Table 3.5: 16s rRNA Analysis of Negative Communicators 

Isolate Genus® (Species'') 
PU-5 Pseudomonas (NZ081) 

PU-15 Pseudomonas (NZ081) 

PU-177 Pseudomonas (fluorescens) 

PU-295 Janthinobacterium (lividum) 

PU-761 Pseudomonas (trivialis) 

a: Based oa 16s rDNA sequence 

b: Most closely related species based on 16s rDNA sequence 

Table 3.6: Effect of PU-15 CM Treatments on /?-galactosidase Activity in Strain 
30-84Z 

Treatment /?-galactosidase Activity 
(Miller Units) 

LB only 389 ±13" 
CM only (no treatment) 11 ± 2 
Heat 18 ± 3 
Pronase 14  ±2  
Proteinase K 14  ±3  
Aqueous Phase*' 22 ± 11 
Ethyl Acetate Phase'' 228 ± 5 

a: Values are the average of four replicates; standard errors are given 

b: Phases resolved after extraction of CM with ethyl acetate 

c: Means are statistically different 
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CCTGCGGCAGGCCTAACACATGCAAGTCGAGCGGTAGAGAGAAGCTTGCTTCTCTTGAGA 
I + + + + + + 60 

GCGGCGGACGGGTGAGTAAAGCCTAGGAATCTGCCTGGTAGTGGGGGATAACGTTCGGAA 
gl + + + + + + 120 

ACGGACGCTAATACCGCATACGTCCTACGGGAGAAAGCAGGGGACCTTCGGGCCTTGCGC 
121 + + + + + + 180 

TATCAGATGAGCCTAGGTCGGATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCGACG 
181 + + + + + + 240 

ATCCGTAACTGGTCTGAGAGGATGATCAGTCACACTGGAACTGAGACACGGTCCAGACTC 
241 + + + + + + 300 

CTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGAAAGCCTGATCCAGCCATGCC 
301 + + + + ^ 360 

GCGTGTGTGAAGAAGGTCTTCGGATTGTAAAGCACTTTAAGTTGGGAGGAAGGGTTGTAG 
361 + + + * + + 420 

ATTAATACTCTGCAATTTTGACGTTACCGACAGAATAAGCACCGGCTAACTCTGTGCCAG 
421 + + + + + + 480 

CAGCCGCGGTAATACAGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCGCG 
481 + + + + + + 540 

TAGGTGGTTTGTTAAGTTGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTCAAA 
541 + + -t- + + 600 

ACTGACTGACTAGAGTGTGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGCGT 
601 + + + + + + 660 

AGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACCAACACTGACATTGAGG 
661 + + + + + + 720 

TGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATG 
721 + + + + + -i- 780 

TCAACTAGCCGTTGGGAGCCTTGAGCTCTTAGTGGCGCAGCTAACGCATTAAGTTGACCG 
781 + + + + + + 840 

CCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCG 
841 + + + + + + 900 

GTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGCCTTGACATCCAA 
901 + + + + + + 960 

TGAACTTTCTAGAGATAGATTGGTGCCTTCGGGAACATTGAGACAGGTGCTGCATGGCTG 
961 + + + + + + 1020 

TCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGTAACGAGCGCAACCCTTGTCCT 
1021 + + + + + 1080 

TAGTTACCAGCACGTTATGGTGGGCACTCTAAGGAGACTGCCGGTGACAAACCGGAGGAA 
1081 + + + -r- + + 1140 

GGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCTGGGCTACACACGTGCTACAAT 
1141 + + + + + + 1200 

GGTCGGTACAGAGGGTTGCCAAGCCGCGAGGTGGAGCTAATCCCACAAAACCGATCGTAG 

TCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCGCTAGTAATCGCGAATCA 
1261 + + + + + + 1320 

GAATGTCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGT 
1321 + + K + + 1380 

GGGTTGCACCAGAAGTAGCTAGTCTAACCTTCGGGAGGACGGTTACCACGGTGTATTCAT 
1381 + + ^ + + -i- 1440 

GC 
1441 — 1442 

Figure 3.4: 1442 bp fragment of the 16s rRNA gene of PU-15. Bases in bold are 
unique to PU-15 compared to the 16s rRNA of Pseudomonas sp. NZ081. 
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and /3-galactosidase assays showed that PU-15 CM had no effect on phzl treinscrip-

tion (Table 3.7) but reduced phzR transcription 39% (Table 3.8). It is unknown 

currently whether this effect on phzR expression is biologically significant. 

CM from PU-15 was also inoculated with strain 30-84Z(pLAFR32.7RVA3) 

to investigate if extra copies of phzl in trans could overcome negative signal in

hibition. Expression of pkzB in strain 30-84Z(pLAFR32.7RVA3) in CM prepared 

from PU-15 w£is similar to that of strain 30-84Z(pLAFR3) (Table 3.9), indicating 

that phzB inhibition by PU-15 is not reversed by the production of additional AHL 

signal. 

3.6 Isolation of Genetic Regions Encoding PU-15 Negative Signal 

Two approaches were taken to attempt to identify the genetic regions within PU-15 

that encoded the negative signal. First, approximately 6000 random Tn5 mutants 

of PU-15 were generated and screened for loss of negative signal production. All 

were found to still produce the halo indicative of negative communication. Secondly, 

a genomic library of PU-15 was constructed in pLAFR3. The library cosmids were 

screened in strain 30-84Ii/l2 for the presence of a white hzdo on a lawn of strain 30-

84 and strain 30-84Z. Strain 30-84Ii/l2 was selected because it produces no positive 

signals that could conflict with the detection of negative signal production. Also, 

PU-15 is a Pseudomonad and we predicted that its genes may be expressed in 

P. aureofaciens. Two cosmids, pJEM17-37 and pJEM24-16, were identified that 

when present in trans prevented restoration of phenazine production to the mutant 

strain 30-84Ii/l2 by addition of AHLs. Strain 30-84Ii/l2 is normally complemented 

for phenazine production in the presence of exogenoiis AHL signal (Zhang and 



Table 3.7: /^-glucuronidase Activity of Strain 30-84(pDW7311uidA) in CM 

CM Source /3-gluciuronidase Activity® 
(GUS units) 

30-84Ii/l2 135 ± 7" 
PU-15 161 ± 9 
30-84Z 150 ± 5 

a: Based on phzI::iiidA transcriptional fusion in pDW7311uidA 

b: Values are the average of five replicates; standard errors are given 

c: Means are statistically similar 

Table 3.8: /?-g£ilactosidase Activity of Strain 30-84R® in CM 

CM Source )d-galactosidase Activity 
(Miller units) 

30-84Ii/l2 288 ± 12" 
PU-15 177 ± 16 
30-84Z 278 ± 17 

a: 30-84R has a phzR::lacZ fusion 

b: Values are the average of three replicates; standard errors are given 

c: Means are statistically different 

Table 3.9: Effect of Extra Copies of phzl on Negative Signal Inhibition 

CM Source B-gcilactosidase Activity 
(Miller Units) 

30-84Z(pLAFR3) 30-84Z(pLAFR32.7RVA3») 
30-84Ii/l2 161 ±11" 328 ±30 
PU-15 13 ± 3 17 ± 4 

a; Contains strain 30-84 genomic fragment containing phzl 
b: Values are the average of three replicates; standard errors are given 

c: Means are statistically different 



Pierson 2001). Strains 30-84Ii/l2(pJEMl7-37) and 30-84Ii/l2(pJEM24-16) did not, 

however, produce a white halo on a strain 30-84 or strain 30-84Z lawn (Figure 3.5). 

This indicated that the causal agent of inhibition may not have been excreted from 

the cell. 

These cosmids yielded identical restriction fragment patterns when cut with 

EcoKl or Hindlll (Figure 3,6), indicating that they contained the same genomic 

fragment. Cosmid pJEM17-37 was chosen for further study. 

In strain 30-84 wild type, pJEM17-37 visually decreased phenazine pro

duction when compared to strain 30-84(pLAFR3) (Figure 3.7). In strain 30-84Z, 

pJEMl7-37 decreased p/izB expression 84% (Table 3.10). These results indicate 

that the products encoded by pJEM17-37 interfere with phenazine production at 

the level of transcription. Cosmid pJEM17-37 also visually decreased exoprotease 

production by strain 30-84 (Figure 3.10), smother characteristic of streiin 30-84 reg

ulated by quorimi sensing. This is of interest because exoprotease is regulated by 

phzI/R and csal/R in strztin 30-84, indicating that pJEM17-37 is interfering with 

both systems. 

Cosmid pJEM17-37 contains approximately 25-Kb of PU-15 genomic insert, 

composed of three EcoRl fragments approximately 3.5, 8, and 14-Kb in size. To 

localize the region involved in reducing phzB expression, each EcoRl fragment of 

pJEM17-37 was cloned into pLAFR3, creating pJEM17-37Rl-3.5, pJEM17-37Rl-8, 

and pJEM17-37Rl-14 (Figure 3.8). Sub-clones were screened in strain 30-84Ii/l2. 

Only pJEM17-37Rl-3.5 remained white on a lawn of strain 30-84Z which provided 

AHL signal (Figure 3.9). It was also comparable in activity to cosmid pJEM17-37 

when in strain 30-84Z (Table 3.11). This cosmid sub-clone therefore was believed 
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Figure 3.5: Strain 30-84Ii/l2(pJEM17-37) cannot be complemented for phenazine 
production by the AHL donor strain 30-84Z. Left: 30-84Ii/l2(pLAFR3) Right: 
30-84Ii/l2(pJEM17-37) 

Figure 3.6: Cosmids pJEMl7-37 and pJEM24-16 have identical restriction fragment 
patterns. Lane 1: pJEMl7-37 - EcoRl; 2: pJEM24-16 - EcoRl; 3: pJEMl7-37 -
Hindlll; 4: pJEM24-16 - Hindlll 
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Figure 3.7: Cosmid pJEM17-37 reduces phenazine production in strain 30-84. 
Right: 30-84(pLAFR3) Left: 30-84(pJEM17-37) 

Table 3.10: Effect of pJEM17-37 on /3-galactosidase Activity in Strain 30-84Z 

Bacteria /?-galactosidase Activity Relative Expression® 
(Miller Units) 

30-84Z(pLAFR3) 913 ±46'' 1.0 
30-84Z(pJEM17-37) 150 ± 12 .16 

a: Expression of the phzBr.lacZ reporter relative to 30-84Z(pLAFR3). 

b: Values given are the average of six replicates; standard errors are given c: Means are statisti

cally different 
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to contain the region causing the inhibitory activity. 

EZ::Tn Insertion mutants of pJEM17-37Rl-3.5 were generated and screened 

for loss of activity in strain 30-84Z. A mutant was identified which had ap

proximately 30% of normal levels of phzB expression, as compared to strain 30-

84Z(pLAFR3) (data not shown). This is only a slight loss of the inhibitory activity 

caused by pJEM17-37Rl-3.5. This insertion was mapped to an ORF 86% identical 

to the gene endX in Pseudomonas fluorescens ATCC. EndX is a putative extracel

lular endonuclease based on sequence similarity to endonucleases in B. coli, Vibrio 

cholerae, and Aeromonas hydrophila (Huser et al. 1999). Based on this sequence, 

additional primers (Table 2.4) were designed to attaiin the entire sequence of the 

3.5-Kb PU-15 genomic fragment. Downstream of endX, a second ORF was iden

tified which is 90% identical to a region encoding a hypothetical protein similar 

to RsmA in Pseudomonas fluorescens, a global repressor of extracellular products. 

The remainder of the 3.5-Kb fragment sequence showed little homology to any nu

cleotide sequence in the databases and contained no ORFs long enough to encode 

real genes. A depiction of the ORFs found in the 3.5-Kb PU-15 fragment is shown 

in figure 3.12. The complete sequence of the fragment and characterization of the 

two genes are shown in figure 3.11. 

Because an insertion mutant with complete loss of activity could not be 

generated, the gene rsmA from the 3.5-Kb PU-15 fragment was cloned by PGR 

into pLAFR3, creating pLAFlSrsmA. RsmA is a highly conserved negative global 

regulatory protein that has been shown to reduce the production of a variety of exo-

products when in trans in P. aeruginosa (Pessi et al. 2001), P, fluorescens (Blimier 

and Heias 2000), and Erwinia carotovora (Cui et al. 1995). I hypothesized that the 
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Figure 3.8: Sub-clones of pJEM17-37 digested with EcoRl. Lane 1: pJEM17-37,- 2: 
pJEM17-37Rl-3.5; 3: pJEM17-37Rl-8; 4: pJEM17-37Rl-14 

Figure 3.9: pJEM17-37 sub-clones in 30-84Ii/l2 on a lawn of the AHL donor strain 
30-84Z. Counter-Clockwise from top: pLAFR3, pJEM17-37, pJEMl7-37Rl-3.5, 
pJEM17-37Rl-8, pJEM17-37Rl-14 
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Table 3.11: Effect of pJEM17-37 Sub-clones on /3-galactosidase Activity in Strain 
30-84Z 

Bacteria /J-galactosidase Activity 
(Miller Units) 

Relative Expression® 

30-84Z(pLAFR3) 838 ±95" 1.0 
30-84Z(pJEM17-37) 115 ± 31 .14 
30-84Z(pJEM17-37Rl-3.5) 126 ± 31 .15 
30-84Z(pJEM17-37Rl-8) 756 ± 62 .90 
30-84Z(pJEM17-37Rl-14) 658 ± 77 .79 

a: Expression of the phzB-.ilacZ reporter relative to strain 30-84Z(pLAFR3). 

b: Values are the average of three replicates; standard errors are given 

c: Means are statistically different 

Figure 3.10: pJEM17-37 reduces protease production in 30-84. Left: 
30-84(pLAFR3) Right: 30-84(pJEM17-37) 
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TTACAAGGCCTTGGCCCAGTTGCGCCAAAGCCATCATCCACGTCGGGTCCGGTATCGGTT 
]_ + + + + + + 60 

AATGTTCCGGAACCGGGTCAACGCGGTTTCGGTAGTAGGTGCAGCCCAGGCCATAGCCAA 

CGGGTGTGTCCAAGGTGGTTCCTGCCTGGTGGAATTGCCGCAAGCAAGGCGTGCAAAATC 
61 + -r + H- + 120 

GCCCACACAGGTTCCACCAAGGACGGACCACCTTAACGGCGTTCGTTCCGCACGTTTTAG 

ATCCGGCTGGTCCCACGTGAATGCCGGCGGCATGGTGTTGGTAACGCCGAACAGCCTGAC 
121 + + + + + + 180 

TAGGCCGACCAGGGTGCACTTACGGCCGCCGTACCACAACCATTGCGGCTTGTCGGACTG 

GACAAGTAAGACTGGGTTGCCGCCCTCGACTTGAACCCGCAGAAAGCGCGGATTCTGGCA 
181 + + + + + + 240 

CTGTTCATTCTGACCCAACGGCGGGAGCTGAACTTGGGCGTCTTTCGCGCCTAAGACCGT 

GATGGTCGCCTGACCAAGACCCAGGACAGCAAAGACTGCAACGGATGTTCTGGGAGTATT 
241 + f 300 

CTACCAGCGGACTGGTTCTGGGTCCTGTCGTTTCTGACGTTGCCTACAAGACCCTCATAA 

GATGCCTGACTGACCCCGATGGGGTGAGGGAGCGAACTGCCCTCACCCCATTGCGCTCGC 
301 + + + + + + 360 

CTACGGACTGACTGGGGCTACCCCACTCCCTCGCTTGACGGGAGTGGGGTAACGCGAGCG 

TTCGACAACGCTCCCGCCTTACACCAAAATTCCCGAATAGCTATCAGACGAACTTCTTGA 
361 + + -i- + + + 420 

AAGCTGTTGCGAGGGCGGAATGTGGTTTTAAGGGCTTATCGATAGTCTGCTTGAAGAACT 

AATTTAAGTAGTTGGAAATCACCTACAGTTAAATACTGTATGTGCGTACAGCTTATCAAG 
421 -i- + ^ + -i- 480 

TTAAATTCATCAACCTTTAGTGGATGTCAATTTATGACATACACGCATGTCGAATAGTTC 

GAATACTCCGTGGCAAAGTCCTTTCAGCAGTGCCAACCCCACCGGACGCCTACGAACGGC 

CTTATGAGGCACCGTTTCAGGAAAGTCGTCACGGTTGGGGTGGCCTGCGGATGCTTGCCG 

TGCCATTCGCGTGCAAAAAATCATCATTCCACCAACGGCTCAAAAAGCCAAGGCCGCCCT 
541 + -i- + + + * 600 

ACGGTAAGCGCACGTTTTTTAGTAGTAAGGTGGTTGCCGAGTTTTTCGGTTCCGGCGGGA 

Figure 3.11: Complete sequence of the PU-15 3.5-Kb genomic fragment. Bold print 
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GA.TCTTCCGATTgee5GATAAGCCAGAGraTCTt5TGCAGCGCTTGCTGGAGGAAATCGCG 
601 + + + •*" + + 660 

CTAGAAGGCTAACGGCCTATTCGGTCTCATACTCACGTCGCGAACGACCTCCTTTAGCGC 

GAAAACGATAACGTCACCCTCGCCTATCGGACGATGGCGGTGTGCAGATTTTCTGGGTTG 
661 + + + + * + 720 

CTTTTGCTATTGCAGTGGGAGCGGATAGCCTGCTACCGCCACACGTC'rAAAAGACCCAAC 

M N A R F I A L C C L F F  

721 + + + + + + 780 
ACGGCTTCCTTCTAACTGAGTTACTTACGCGCAAAATAACGTAACACAACGGACAAAAAA 

V F S A H A Q A P R T F T E A K K I A W  
GTCTTCAGCGCCCACGCCCAGGCGCCCCGAACGTTCACCGAAGCCAAGAAAATCGCCTGG 

781 + + + + + + 840 
CAGAAGTCGCGGGTGCGGGTCCGCGGGGCTTGCAAGTGGCTTCGGTTCTTTTAGCGGACC 

K L Y - A P Q S T E F Y C G C K V T G N R  
AAACTCTACGCGCCACAATCCACCGAGTTCTATTGCGGCTGCAAATACACCGGCAACCGC 

841 + V + * + + 900 
TTTGAGATGCGCGGTGTTAGGTGGCTCAAGATAACGCCGACGTTTATGTGGCCGTTGGCG 

V D L K A C G Y  I P R K N A N R A A R I  
GTAGACCTCAAGGCCTGTGGCTACATTCCACGTAAAAACGCCAACCGCGCGGCACGTATC 

901 + + + + + ^ 960 
CATCTGGAGTTCCGGACACCGATGTAAGGTGCATTTTTGCGGTTGGCGCGCCGTGCATAG 

E W E H I V P A W Q I G K Q R Q C W Q N  
GAGTGGGAACACATCGTGCCGGCCTGGCAGATCGGCCATCAACGTCAGTGCTGGCAGAAC 

961 + + + + + + 1020 
CTCACCCTTGTGTAGCACGGCCGGACCGTCTAGCCGGTAGTTGCAGTCACGACCGTCTTG 

G G R K N C T R D D D V F K R A E A D  L  
GGCGGGCGCAAGAACTGCACACGCGATGACGACGTGTTCAAGCGCGCCGAAGCCGACTTG 

1021 + + -r + + + 1080 
CCGCCCGCGTTCrrGACGTGTGCGCTACTGCTGCACAAGTTCGCGCGGCTTCGGCTGAAC 

H N L V P S I G E V N G D R N N F S F G  
CACAACCTGGTGCCGAGCATCGGCGAGGTCAATGGCGACCGCAACAATTTCAGTTTTGGC 

1081 + + 1 -I 1140 
GTGTTGGACCACGGCTCGTAGCCGCTCCAGTTACCGCTGGCGTTGTTAAAGTCAAAACCG 

W L P V Q T G Q Y G S C L T C L T Q V D  
TGGCTGCCAGTGCAAACCGGTCAGTACGGCTCATGCTTGACCTGCTTGACCCAAGTGGAC 

1141 + K K 1- + i- 1200 
ACCGACGGTCACGTTTGGCCAGTCATGCCGAGTACGAACTGGACGAACTGGGTTCACCTG 
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F K A K K V M P R P S I R G M I A R T v  
TTCAAGGCCAAGAAGGTCATGCCGCGCCCTTCGATTCGCGGAATGATCGCGCGTACGTAT 

1201 + + + + + + 1-260 
AAGTTCCGGTTCTTCCAGTACGGCGCGGGAAGCTAAGCGCCTTACTAGCGCGCATGCATA 

F Y M S K Q Y G L R L S K Q D R Q L Y E  
TTCTACATGAGCAAGCAGTACGGGTTGCGCCTGTCGAAACAGGACCGCCAGCTGTACGAA 

1261 + + + + + + 1320 
AAGATGTACTCGTTCGTCATGCCCAACGCGGACAGCTTTGTCCTGGCGGTCGACATGCTT 

A W N K T Y P V Q P W E R Q R N Q T V A  
GCCTGGAACAAGACCTACCCGGTGCAACCCTGGGAGCGCCAGCGCAACCAGACCGTGGCT 

1321 + + + + + + 1380 
CGGACCTTGTTCTGGATGGGCCACGTTGGGACCCTCGCGGTCGCGTTGGTCTGGCACCGA 

C V M G R G N A F V G P V N L K A C G -
TGTGTGATGGGGCGCGGCAATGCGTTTGTCGGCCCGGTAAACCTCAAAGCCTGCGGTTGA 

1381 + + + + + + 1440 
ACACACTACCCCGCGCCGTTACGCAAACAGCCGGGCCATTTGGAGTTTCGGACGCCAACT 

ACAGGGGCGGCACTGCCGCCCAAAGGGCCTGTTACTGCGCGGACTTGTGCTCGATGATTT 
1441 + + + + + 1500 

TGTCCCCGCCGTGACGGCGGGTTTCCCGGACAATGACGCGCCTGAACACGAGCTACTAAA 

CAGACACGGTGTCGTTCTTCTTGGCCCGGGCCATTTTTTCGTTGAGCAGCGTCTGCTTGG 
1501 + + + + + + 1560 

GTCTGTGCCACAGCAAGAAGAACCGGGCCCGGTAAAAAAGCAACTCGTCGCAGACGAACC 

CCTCGGCCTCGGCCCTGGTTGCGAATGGGCCCAACAACACTTCGTCCTTGCCGTCGACCT 
1561 + + + + + + 1620 

GGAGCCGGAGCCGGGACCAACGCTTACCCGGGTTGTTGTGAAGCAGGAACGGCAGCTGGA 

TCACGCATGTAAAAATTGAAACCTGTTCCAGCAGCCAGGCGGTCAGGTCGGTGATTGCCT 
1621 + + ^ + + + 1680 

AGTGCGTACATTTTTAACTTTGGACAAGGTCGTCGGTCCGCCAGTCCAGCCACTAACGGA 

GAAGCTTATGGTCTGGCGGCCCTACCCGCAGGTCCCACTCCTGAGCGGCAATCGCGCCGG 

CTTCGAATACCAGACCGCCGGGATGGGCGTCCAGGGTGAGGACTCGCCGTTAGCGCGGCC 

TTTGTGGCTGGCTTTCGGTCGTGGCAGGCTTGGTCTTCGGAGCGTCGACACGTTTGCCTT 
1741 + K 1- + 1800 

AAACACCGACCGAAAGCCAGCACCGTCCGAACCAGAAGCCTCGCAGCTGTGCAAACGGAA 
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CGCCGCAAGATAAAACTGCCTCATGCCTGGAACTTGTTGTGGTAGTCGCAGACGAATCCA 
2401 + + + + + + 2460 

GCGGCGTTCTATTTTGACGGAGTACGGACCTTGAACAACACCATCAGCGTCTGCTTAGGT 

CTGACGGACATCCCGCCATCTCCGTGTGCGTTCAGGAGCACGTCGATGAGGCCAATCACC 
2461 + + + + + 2520 

GACTGCCTGTAGGGCGGTAGAGGCACACGCAAGTCCTCGTGCAGCTACTCCGGTTAGTGG 

GCACAACCCTTTTTTCAACGTTCATGGATGATCACTCTACTGATCGGGCTCGCCGTCTGA 
2521 + + + + + 2580 

CGTGTTGGGAAAAAAGTTGCAAGTACCTACTAGTGAGATGACTAGCCCGAGCGGCAGACT 

GCCTGGACTATGCGCTGTGGCGCGTATTGAAAGACGCAGGCGTGACCCGCTCGCATGCCT 
2581 + + + + + + 2640 

CGGACCTGATACGCGACACCGCGCATAACTTTCTGCGTCCGCACTGGGCGAGCGTACGGA 

GGCTGGACTTGGCATTGCTGCTGTGCGGCTATCTGTTCCTGTTTTGCCAGACTTCCAGGT 
2641 + + + + + 2700 

CCGACCTGAACCGTAACGACGACACGCCGATAGACAAGGACAAAACGGTCTGAAGGTCCA 

TGATGCCCATCACAAGCTGGTGCATCGCAGGTGTGCCGCAACCATGGCGGCATCTCTGAG 
2701 + + + 27 60 

ACTACGGGTAGTGTTCGACCACGTAGCGTCCACACGGCGTTGGTACCGCCGTAGAGACTC 

GGACCGTTGAAGACTCGTTGTCGGATCGCCGGTATTTACAGCTGCGCAGCAGGACCTATT 
2761 + + + + -I- -f 2820 

CCTGGCAACTTCTGAGCAACAGCCTAGCGGCCATAAATGTCGACGCGTCGTCCTGGATAA 

CTTGAGTGTGTTTGCACAGTCGTAGAGGTGCTGAAGCCGATGGATACCCTCAGTAAAAGC 
2821 + + + + + 2880 

GAACTCACACAAACGTGTCAGCATCTCCACGACTTCGGCTACCTATGGGAGTCATTTTCG 

CAGATCGAAGCTGAATTGGCGGCACCCTGCCCAGCTACCAGGTGACCTGCACATTGCACC 
2881 + + i- 1- + 2940 

GTCTAGCTTCGACTTAACCGCCGTGGGACGGGTCGArGGTCCACTGGACGTGTAACGTGG 

CGACGGACCCTCTCGGTAGTGCTCAGCGGCCCGAAAACCGATCCTTCGCCGGACCGGAAT 

GCTGCCTGGGAGAGCCATCACGAGTCGCCGGGCTTTTGGCTAGGAAGCGGCCTGGCCTTA 
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CGCGCGCGCACTATCGAGGCGCCGAAGCGATCTCGCGGCTTGCCAACGAATCCTCAAGGA 
3001 + + + + + + 3060 

GCGCGCGCGTGATAGCTCCGCGGCTTCGCTAGAGCGCCGAACGGTTGCTTAGGAGTTCCT 

GATGGTGCTGCACGCCAGAACATGCGCAGTGATCGAATGCAGGCACCGCCAGTCCTGCCA 

CTACCACGACGTGCGGTCTTGTACGCGTCACTAGCTTACGTCCGTGGCGGTCAGGACGGT 

CCTGCAAATAGCCGGGCCCGGTAAACGGGTTCGGCTTTTTGCATCAACCTGTCACCTGCT 
3121 + + + + + + 3180 

GGACGTTTATCGGCCCGGGCCATTTGCCCAAGCCGAAAAACGTAGTTGGACAGTGGACGA 

GCAAACGCAAACAAACCCTGGGCGTCCCGCATGGCCTGCACCCCCTCATAACCGTCATAG 
3181 + + + + + 3240 

CGTTTGCGTTTGTTTGGGACCCGCAGGGCGTACCGGACGTGGGGGAGTATTGGCAGTATC 

ACGGGATGCTTCGTGGAGCATGGGGCCTTGAAGCTCTACGTTCCGAACCAATCACATTCC 
3241 + + + + + + 3300 

TGCCCTACGAAGCACCTCGTACCCCGGAACTTCGAGATGCAAGGCTTGGTTAGTGTAAGG 

GCCCCCGCC 
3301 3309 

CGGGGGCGG 
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presence of this global repressor was causing the inhibitory effect of cosmid pJEM17-

37, and I had not isolated the genes encoding the negative signal. pLAFlSrsmA will 

be tested in trans in strain 30-84Z to measure its effect on phenazine expression. 

RsmA has not been previously identified in strain 30-84 as a regulator of 

phenazine. The presence of rsmA was verified in strain 30-84 by the use of PGR 

primers based on the PU-15 rsmA gene. A 170 bp fragment of the rsmA gene was 

identified in pJEMl7-37Rl-3.5, and the genomes of PU-15, strain 30-84, and P. 

fluorescens Pf-5 (data not shown). 

3.7 Negative Comnmnication Reduces Ggt Inhibition by Strain 30-84 

in vitro 

P. aureofaciens strsiin 30-84 will normally inhibit growth of the fungus Geuaman-

nomyces graminis pv. tritici (Ggt) in inhibition plate assays (Pierson III and 

Thomashow 1992) (Figure 3.13). Negative commimicators that did not inhibit Ggt 

growth by themselves were mixed in ratios of 1:3, 1:1, and 3:1 with strain 30-84. 

Isolates PU-5, PU-15, and PU-177 proportionally decreased Ggt inhibition by strain 

30-84 as they were mixed in greater ratios (Figxure 3.13). At a ratio of 1:3 negative 

communicator to strain 30-84, inhibitory activity by strain 30-84 varied, presum

ably due to close competition between the strzuns. However at a 1:1 or 3:1 mixture, 

Ggt inhibition by strain 30-84 was severely reduced, if not abolished (Figure 3.13). 

In vitro, negative communication can therefore be shown to interfere with strain 

30-84's ability to control Ggt. 
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endX rsmA 

1 825 1650 2475 3300 

Figure 3.12: Depiction of ORPs located on the 3.5-Kb PU-15 genomic fragment 
and their relative locations. 
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Figure 3.13: Negative communication reduces Ggt inhibition by strain 30-84 in 
vitro. Ratios indicate negative isolate: strain 30-84. 5 = PU-5, 15 = PU-15, and 
177 = PU-177. Values are the average of six replicates; standard errors are given. 
Means are statistically different. 
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CHAPTER 4 

Discussion 

One goal in our laboratory is to study the effects of microbial interpopulation sig

naling on bacterial gene expression in the rhizosphere. A model system for this 

study is phenelzine antibiotic production in Pseudomonas aureofaciens strain 30-

84. Phenazines are necessary for biological control and rhizosphere competence by 

this strain, and regulation of phenazine gene expression in strain 30-84 has been 

well characterized. It was shown previously that the wheat rhizosphere commu

nity contains a sub-population of bacteria that can positively influence phenazine 

expression in situ in strain 30-84 by donating AHL signal, or alternately, strain 

30-84 can eavesdrop on these bacteria by utihzing their AHL signal. In my work, 

I attempted to characterize a second sub-population of wheat rhizosphere bacte

ria that negatively influenced phenazine gene expression. Since phenazines are an 

important competitive mechanism for strain 30-84, positive zind negative signaling 

may have important implications for the persistence emd biological control ability 

of strain 30-84. It has been foimd recently that other characteristics in strain 30-84, 

such as adherence properties, are also regulated by quorum sensing. These positive 

cind negative signals could therefore have multiple effects on the bacterium, and be 

critical to its survival in the rhizosphere. 
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A sub-population of the wheat rhizosphere microbial community was identi

fied that interfered with phenazine production in Pseudomonas aureofaciens strain 

30-84. Cell-free cultiire supematants from selected isolates decreased phenazine 

production and expression of the phenazine biosynthetic genes in strains 30-84 euid 

30-84Z, respectively. This is consistent with the hypothesis that these strains are 

producing an extracellular "signal" that inhibits phenazine gene expression at the 

transcriptional level. There is no appsirent efiect on the growth of strain 30-84, 

as it reaches normal cell densities in conditioned medium (CM) from the negative 

strains, indicating that the inhibitory efiiect is caused by a specific extracellular ele

ment and is not sm effect of stress. A similar relationship has been observed between 

bacteria £md the alga Delisea pulchra, which produces furemone signeils that inhibit 

transcription of /ux-like genes in the bacteria, but have no other adverse effects 

(Givskov et al. 1996). These findings support our hypothesis of the occurrence 

of interpopulation signaling in the rhizosphere that negatively tsurgets phenazine 

production in strain 30-84. 

Most of the isolates studied were identified as members of the Pseudomonas 

genus, though purple-pigmented isolate PU-295 is of the genus Janthinobacterium, 

a sub-division of Chromobacterium (DeLay et al. 1978). Among the Pseudomonad 

isolates, there are fluorescent and non-fluorescent members, as well as 16s rRNA 

sequence differences that represent different species. Isolate PU-15, which was the 

main focus of this work, has a unique 16s rRNA sequence not present in sequence 

databases and may be a previously imcharacterized strain. 

Preliminary studies show that the signed produced by PU-15 is heat stable. 
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most likely not a large protein, and not extractable by ethyl acetate or other non-

polar solvents. This last point is of interest because all other published quorimi 

sensing inhibitors, such as the furanones, diketopiperazines, and AHLs, partition 

into ethyl acetate (Givskov et al. 1996)(Holden et al. 1999)(McClean et al. 1997). 

These inhibitors are also hypothesized to work by competition with the AHL signal 

for binding of LuxR-like activators. Extra phzl in trans in strain 30-84Z, however, 

does not overcome inhibition by the PU-15 negative signal, implying it may be acting 

by a different mechanism. Preliminary work has shown that the negative effect 

caused by PU-43 CM, however, is overcome by additional AHL signal (Pierson, 

impubUshed), demonstrating that there may be several different negative signals 

in this population. CM prepared from PU-15 culture supematants had no ciffect 

on phzl expression but caused a 39% decrease in phzR expression. It is unknown 

whether this has any biological significance or is a real effect of the negative signal. 

However, this idea would be consistent with the inability of additional AHL signal 

to overcome inhibition. Current hypotheses of the mechemism of the negative signal 

are: competitive binding of PhzR (inhibitory long-chain AHLs are not displaced by 

native AHL signals (McClean et al. 1997)), a negative effect in the regulation of 

PhzR, or a negative effect on an upstream regulatory element of phenazine. 

To aid in the identification of the negative signed, a genomic library of PU-

15 was screened in strain 30-84Ii/l2 on lawns of strains 30-84 and 30-84Z for the 

presence of an inhibitory halo. No clones produced a halo, but two were identified 

which blocked complementation of 30-84Ii/l2 by AHLs from strains 30-84 or 30-84Z. 

There was no evidence of a diffused negative signal (no inhibitory halo), but this 

was consistent with the observation that additioneil AHL signal could not overcome 

PU-15 negative signal inhibition. 
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Restriction enzyme analysis indicated that these cosmids contained the 

same PU-15 genomic fragment, zmd when in strains 30-84 or 30-84Z they reduced 

phenazine production and gene expression. A region within this cosmid containing 

the inhibitory activity was identified by sub-cloning which contained two putative 

ORFs. One ORF had high homology to the gene endX in Pseudomonas fluorescens, 

the second ORF to the conserved gene rsmA. There were also large regions (1300 

bp) of sequence which had no homology to any sequences in the database. It is 

unlikely that there are no other genes present in this region and future work will 

need to be done to characterize these regions. 

An insertion mutation in the middle of the ORF of endX had only a slight 

loss in activity (data not shown). Due to the non-specific nature of endonucleases 

and the retention of activity in the mutant, we do not believe this enzyme is the 

negative signal or responsible for the inhibitory activity. Because an insertion mu

tant in pJEM17-37Rl-3.5 lacking any inhibitory activity could not be generated, we 

chose to clone the gene TsmA from this cosmid as the likely candidate causing the 

inhibitory effect. RsmA is a highly-conserved global repressor whose presence in 

trans in strain 30-84 could account for the apparent decrease in phenazine produc

tion and expression. Because rsmA is highly conserved it is likely that the PU-15 

protein could fimction in strain 30-84. RsmA has not been characterized previ

ously in strain 30-84 as a regulatory element of phenazine. RsmA (regulator of 

secondary metabolites) is known to act in concert with the regulatory RNA RsmB 

as a two-component regulatory system of many extracellular products (Romeo 1998) 

(Figure 4.1). Overexpression of rsmA has lead to a decrease in hydrogen cyanide 

production in P. fluorescens CHAO (Blumer and Haas 2000) and virulence factors 



and AHL signal production in P. aeruginosa (Pessi et al. 2001) and Erwinia caro-

tovora (Cui et al. 1995). A decrease in exoprotease production due to pJEM17-37 

was also observed in strain 30-84, supporting the presence of a global regulator. 

Preliminary resiilts have shown no effect on hydrogen cyanide production in strain 

30-84(pJEM17-37) (data not shown), however. 

The plasmid pLAF15rsmA will be conjugated into strain 30-84Z to examine 

the effect of rsmA on phenazine expression. If this gene is found to be responsible 

for the inhibitory effect caused by cosmid pJEM17-37, we can conclude that RsmA 

plays a role in phenazine regulation in strain 30-84. Further work will need to be 

performed to investigate the effects of this global regulator in strain 30-84, including 

those on phenazine, exoprotease, hydrogen cyanide, and AHL signal production. 

rsmA was identified in strain 30-84 by PGR using primers from the PU-15 

gene. We have confirmed that strain 30-84 has a rsmA gene similar to the PU-15 

gene, reinforcing that the PU-15 protein could function in strain 30-84. rsmZ, a 

rsmB homolog, was formerly identified, though not fimctionally analyzed, in strain 

30-84, located downstream of rpoS (Pierson and Blachere, unpublished). 

If RsmA is responsible for the inhibitory effect caused by pJEM17-37, then 

new efforts to re-screen the PU-15 genomic library to identify the negative signal 

need to be imdertaken. This will involve developing a new screening technique that 

will focus on identifying cosmids conveying the halo characteristic of negative com-

mimication. Also, more advanced measures could be done to chemically isolate the 

signal. Future work could also investigate the signals from other negative communi

cators, either by chemical or genetic approaches. PU-295 is of interest because it is 

morphologically and phylogenetically different from the other isolates characterized. 
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Figure 4.1: Proposed model of post-transcriptional regulation of gene expression by 
CsrA (RsmA) and CsrB (RsmB) (Romeo 1998) 
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and no Chromobacterium has been identified that produces a negative signal. It 

would also be interesting to ask if the negative signals inhibit other quorum sensing 

systems, or other phenotypes in strain 30-84, such as biofilm formation. 

If rsmA does not convey the negative effect on phenazine expression caused 

by pJEM17-37, then it will become necessary to find the responsible region. At

tempts were made to generate a knockout mutant in activity. It is possible that 

more mutants need to be made or that there are multiple genes involved. There 

are, however, genomic regions in cosmid pJEMl7-37Rl-3.5 where no ORFs were 

identified. These areas will become the focus of study to find the genes encoding 

the negative signal if rsmA is not responsible for the effect of the cosmid. 

We have shown in vitro that negative commimication can abolish or severely 

limit strain 30-84's ability to inhibit the fungus Ggt when negative communicators 

are present at equal or greater nmnbers. Even when strain 30-84 is present in 

greater numbers than the negative communicators, inhibition levels are inconsistent 

due to the complicated balance in competition between these bacteria. Studies are 

ongoing in the lab to examine this interaction in situ on wheat roots. It is necessary 

to investigate if this relationship is relevant to microbes spatially located in the 

rhizosphere. Assays simil£ir to those that investigated positive commimication on 

roots will be performed. Reporter strains designed specifically to detect the presence 

of negative communication are currently being constructed. These reporters assume 

that the negative signal interferes with phenazine regulation upstream of PhzR 

binding. The reporters have been engineered so the phz box is located in the 

promoter, and therefore PhzR acts as a repressor (Figure 4.2). In the absence of the 

negative signal, there will be no expression of the reporter gene due to PhzR binding. 
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In the presence of the negative signal, PhzR will not bind and the reporter gene will 

be expressed. These reporter plasmids will be conjugated into various derivatives 

of strain 30-84, and applied to wheat roots with various negative communicators. 

In this way, we can investigate the effect of negative communication on phenazine 

gene expression in the rhizosphere. If negative communication is found to inhibit 

phenazine production on wheat roots, we can conclude that negative communication 

may contribute to the inconsistencies in the biological control ability of strain 30-84 

in the field. 

Because the negative communicators were isolated from the same ecosystem 

as strain 30-84, negative signals could have important implications on strains 30-

84's ability to produce phenazines in the rhizosphere. Consequently, strain 30-84's 

abilities to colonize the rhizosphere and act as a biological control agent could be 

affected. Considering that failure to colonize and control disease in the field are real-

life problems of microbial biological control, it may become necessary to consider 

these kinds of relationships. 
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