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The mam aim of this study was to determine the percentage of Pseudomonas 

fluorescens amongst fluorescent pseudomonads in the milk environment, and to 

distinguish these isolates from each other. A secondary aim was to investigate 

whether these isolates were clonal or non-clonal in origin, and to study whether end 

product contamination had an endemic factory source. 

In this study 230 fluorescent bacteria were isolated from a South Island dairy 

company over a six month period. These bacteria were isolated from raw milk and 

associated environments, separated milk and associated environments, pasteurised 

milk environments and from final product sampling. These isolates were biotyped 

using the API-20NE biochemical test system. Approximately 70% of these isolates 

were identified as Ps. fluorescens, and the majority of these grouped into the biotypes 

0157555 and 0357555. Strains of Ps. fluorescens grouped into these biotypes were 

the only proteolytic enzyme producers isolated from fmal product isolates. 

To investigate whether end product contamination had an endemic factory source, 97 

strains of the biotypes 0157555 and 0357555 were characterised using the technique 

of multilocus enzyme electrophoresis. These strains clustered into 26 distinct 

electromorphs, with the majority of isolates falling into one cluster. Isolates in this 

cluster originated from raw milk and associated environments, separated milk and 

associated environments, the pasteurised milk environment and the final product. 

With the exception of month four there is a constant presence of the major cluster 

strains in the milk environment. This cluster can be divided further as both of the 

biotypes studied (0157555 and 0357555) were present in this group. Isolates in this 

major cluster could be clonal in origin and represent a serious contaminating organism 

able to occupy many niches in the milk processing environment over a considerable 

time period. 
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CHAPTER I 

INTRODUCTION 

1.1. THE MILK ENVIRONMENT 

1.1.1 Introduction. 

Refrigerated storage of bulk raw milk at 4 °c on dairy farms and its delivery to the 

processing plant in insulated road tankers has, to a large extent, eliminated spoilage 

due to normal milk bacterial flora. Refrigeration also inhibits growth of pathogenic 

bacteria associated with raw milk and mastitis in cows (Law, 1979; Fairbairn & Law, 

1986; Azcona et al 1988). This technology has economic advantages such as 

reducing the unit cost for transport and continuity of supply (Law, 1979). However 

refrigeration of milk for long periods has created problems of its own such as the 

growth ofpsychrotrophic bacteria capable of milk spoilage (Gonzalez et aI, 1993). 

1.1.2 Psychrotrophic Bacteria. 

Storage of milk at 4°C actively selects for the growth of psychrotrophic flora (Picard 

et aI, 1994). The general agreement is that the numbers of psychrotrophic bacteria in 

milk is the most reliable method of determining milk quality and conditions of 

production on the farm (Bishop & Juan, 1988). It is also clear that post-pasteurisation 

contamination by psychrotrophic bacteria is the most common cause of quality defects 

of microbial origin (Bishop, 1989). By definition these organisms can multiply at or 

below 7°C, irrespective of their optimum growth temperature. The increase of 

bacterial counts in refrigerated milk over time is specifically due to multiplication of 

these organisms. The psychrotrophic bacteria most frequently isolated in these 

instances are heat-sensitive Gram-negative bacilli and heat-resistant Gram-positive 

species (Law, 1979). Although heat-sensitive Gram-negative bacilli account for less 
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than 10% of the total psychrotrophic flora in milk, they quickly out-compete Gram

positive psychrotrophic and non-psychrotrophic bacteria during refrigerated storage 

(Fairbairn & Law, 1986). Gram-negative rods also have the potential to cause 

enzymatic spoilage in milk and milk products (Azcona et ai, 1988). Heat-stable 

Gram-positive species may cause milk spoilage due to their growth and/or production 

of metabolic waste products. However, no enzymatic spoilage by these organisms has 

been reported (Law, 1979). 

1.1.3 Pseudomonads. 

The majority of important Gram-negative species associated with raw milk spoilage 

and post-pasteurisation contamination belong to the genus Pseudomonas (Fairbairn & 

Law, 1986; Cousins, 1982). The most frequently identified species is Ps. jluorescens. 

Ps.jluorescens strains are able. to replicate by binary fission in approximately 12 

hours in raw milk at 4-6 °c (Cousins, 1982). The high incidence of isolation of this 

species is likely to be due to the loose taxonomic identification criteria used to classify 

Ps. jluorescens, rather than its true distribution. For decades the Pseudomonas genus 

has been the taxanomic dumping ground for a variety of organisms based on the 

following criteria; Gram-negative, oxidase positive, aerobic, non-sporeforming rods 

with polar flagella (Kreig, 1988). There are several species of Pseudomonas that are 

capable of fluorescens, notably Ps. aeruginosa. It is more appropriate to say that 

organisms are fluorescent pseudomonads rather than Ps. jluorescens (Erickson pers 

com, 1996; Law, 1979). 

There is an absence of generally agreed upon species criteria for Pseudomonas so it 

has been difficult to classify subset populations. Pseudomonas species distinctions 

have been based on the taxonomy of isolates housed in culture collections. Often 

these isolates reflect the collector's interests with certain groups in the taxonomy (eg. 

the classification of Ps. aeruginosa as a pathogen, or its use in bioremediation), rather 

than the natural Pseudomonas populations (Haubold & Rainey, 1996). Typing of Ps. 

aeruginosa strains by computer assisted analysis of sodium dodecyl sulphate poly

acrylamide gel electrophoresis (SDS-PAGE) protein patterns and randomly amplified 
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polymorphic DNA polymerase chain reaction (RAPD-PCR) as done by Morais et al 

(1996), showed that all 97 strains analysed (isolated from bottled spring water) were 

unique when compared to 20 Pseudomonas type strains. This problem is also 

illustrated with other Gram-negative bacteria such as Escherichia and Shigella which, 

according to DNA-DNA hybridisation experiments are identical genetically, yet are 

classified as different genera based soley upon phenotypic characteristics (Krieg, 

1988). 

In 1983 application of ribosomal typing by Vos & Ley (1983) allowed the 

characterisation of Pseudomonas based on genetic characteristics. Five rRNA groups 

were noted, however these groups were shown to be less related to one another than 

they were to other genera of Gram-negative bacteria. It was proposed that only the 

Ps. jluorescens rRNA group I retain the authentic genus name of Pseudomonas 

(Krieg, 1988). 

The rRNA group I pseudomonads are referred to as Fluorescent Pseudomonads, with 

Ps. jluorescens a subset of this group. rRNA Group I Pseudomonads also include the 

species Ps. jluorescens, Ps. aeruginosa, Ps. putida, Ps. chlororaphis, Ps. syringae, Ps. 

stuzeri, Ps. mendocina, Ps. cichorii, Ps. alcaligenes, Ps. pseudoalcaligenes and Ps. 

aureofaciens (Vos & Ley, 1983). There is still much debate as to the classification of 

Pseudomonads by rRNA typing, as 16S rRNA and 23S rRNA sequences are also 

proposed as measures of relatedness (Vos & Ley, 1983). 

1.2. PROTEASE ACTIVITY IN RAW MILK AND MILK PRODUCTS. 

Many psychrotrophic pseudomonads produce proteases and lipases which are secreted 

into the external environment. Pasteurisation kills psychrotrophic bacteria, however 

the heat stable proteases and lipases retain their function. These enzymes can cause 

spoilage, provoke curdling in both ultra heat treated (UHT) and pasteurised milk, 

result in rancidity in cheese, and reduce cheese yields (Azcona et aI, 1988; Gonzalez 

et aI, 1993). These enzymes may affect milk products, but are a particular problem 

for long life UHT milk products. UHT products are designed to be shelved for long 
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time periods. These enzymes, in the absence of bacteria, can cause considerable 

spoilage over an extended period (Picard et aI1994). 

Enzyme activity and psychrotrophic bacteria counts can be correlated in raw milk 

(Gonzalez et aZ, 1993). Law (1979) cultured Pseudomonas species in liquid milk to 

either 8xl06 or 5xl07 cfulml. The milk was subsequently UHT sterilised and stored at 

20°C. Milk containing 5xl07 cfulml congealed in 10-14 days, while the milk 

containing 8x 106 cfulml took 8-10 weeks. Spoilage was due to extensive degradation 

of p- and K-casein and to some extent a-casein. Adams el aZ, (1975) showed that K

casein degradation was detectable even before populations of Pseudomonas species 

reached 104 cfulml. They further found that on average 70-90% of raw milk samples 

contain heat-resistant proteases after incubation at 4°C. This group also found that all 

of the Gram-negative psychrotrophs isolated from raw milk produced these proteases. 

1.2.1 The Physical Environment. 

The physical environment also affects proteinase production by Pseudomonads. Ps. 

jluorescens cultures produce the most proteases when cultured at 20°C (Law, 1979). 

Azcona et aZ (1988) isolated an enzyme from a proteolytic strain of Ps. jluorescens, 

AH-70, isolated from raw milk. The molecular weight of the enzyme was determined 

by SDS-PAGE and shown to be 33,000 daltons. The enzyme was found to be active 

at temperatures between 4-55 DC, with optimum activity between 35-40 °c at a pH of 

7.4. Heat inactivation studies revealed an initial decrease in enzyme activity upon 

heating at or above 72°C irrespective of the time period (between one and twenty 

minutes). This decrease was found to level out and the enzyme retained some residual 

activity (approximately 10%) at temperatures below 100°C. At temperatures over 

100°C protease activity was reduced to between 1-5%, after heating for 5 min. These 

conditions are far in excess ofthe normal UHT treatment of milk (82°C for 3 seconds) 

(Alcamo, 1994; Erickson pers com, 1997). Any UHT treatment capable of destroying 

significant quantities of bacterial protease would also damage the milk itself. It is 

estimated that these proteases are 4000 times more heat resistant than Bacillus 

stearothermophilus spores (Adams et ai, 1975). 
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1.3. CONTAMINATION OF MILK PRODUCTS 

Psychrotrophic bacteria are widely distributed in the environment and may be 

isolated over all seasonal periods. Psychrotrophic bacteria occur in fresh and salt 

water, on fish, in meat, in soil, on plant surfaces and in the air (Forster 1982). Most 

psychrotrophic bacteria enter the milk environment due to improperly cleaned and 

sanitised equipment at the fann, and from airborne contamination (Cousins, 1982). 

Soil and vegetation are endemic sources of psychrotrophic bacteria which contaminate 

milk. Soil, grass and hay contain psychrotrophs that, at times, exceed 1x107 cfu/g. 

Colony counts from soils range from 3x106-2x108cfu/g (Thomas et ai, 1973). 

Treated fann water supplies can have psychrotrophic counts of up to lx102cfu/ml of 

chlorinated water. Many of the strongly lipolytic and caseolytic isolates have their 

origins in water supplies (Thomas & Thomas, 1973). 

Actual air samples taken from milking areas have isolated few psychrotrophs, 

however the duct on milking equipment can contain 1-3x106 psychrotrophs/g. During 

milking periods, up to 1x104 psychrotrophs per square foot of exposed surface were 

collected during a ten minute period (Thomas, 1958). 

Faecal contamination due to improperly cleaned equipment and animals could be a 

major source of psychrotrophic contamination of milk. Fresh and dry faecal material 

can contain millions of psychrotrophs per gram. Swabs of teats and udders of milking 

cows have revealed large numbers of psychrotrophs even after disinfection (Morse et 

ai, 1968). It has been suggested that modern dairy breeders select for larger teat 

openings for ease of milking, which consequently increases the likelihood of infection 

(Klena pers com, 1997). 

Sanitisation techniques for cleaning farm and factory equipment have considerable 

effect on the respective psychrotrophic bacterial counts. Counts rarely exceeded 

1x104/ft2 for equipment sterilised by steam, compared to chemically treated 

equipment which on average had 29% higher counts. Methods of cleaning resulted in 
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selection for different microbial flora. Rubber parts of milking machines contain from 

10 to 117 times more psychrotrophs than metal parts. Pipelines and tanks at the farm 

and factory are also sources of psychrotrophs. Tanks generally resulted in higher 

counts than pipelines but this was also dependent on sterilisation procedures (Thomas 

& Thomas, 1977). 

Since aseptically drawn milk does not contain thermoduric bacteria, their presence in 

milk is due to contamination by equipment, dust, soil, animal faeces, animal feed and 

surface water (Thomas & Thomas, 1979). Post-pasteurisation contamination could be 

due to improperly sterilised bottles and containers (Cousins, 1982). Ps. fluorescens in 

nature is typically associated with plant surfaces and within the rhizosphere (Haubold 

& Rainey, 1996). Sources of contamination in the factory environment by Ps. 

fluorescens have not been investigated in any detail. 

1.3.1 Comparative Studies. 

Related studies have been performed by researchers on other organisms in other food 

production environments, such as research done by Lawrence & Gilmore (1995) in a 

poultry processing environment. 289 Listeria monocytogenes strains were isolated 

from a poultry processing factory over a 6 month period. Samples were taken from 

three sites and associated products within the factory environment during this time. 

Sites included raw poultry products, the raw poultry processing environment, and the 

cooked poultry processing environment. From each site the product and food contact 

surfaces, floors, floor drains and floor squeegees were sampled. The isolates were 

characterised by RAPD-PCR, and multiple locus enzyme electrophoresis (MLEE). 

The study was designed to detect cross-contamination within the factory environment 

by separating the isolates into different divisions, this separation in tum highlighted 

specific sources of contamination and identified endemic strains within the processing 

environment. A measure of persistence within the factory was also required. The 289 

L. monocytogenes strains were divided into 18 RAPD, and 15 MLEE profiles. This 

enabled the researchers to identify isolates endemic to the cooked poultry environment 

and the raw birds entering the processing plant by comparing the profiles generated by 
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these techniques. These techniques also permitted identification of surfaces and 

drains that were reservoirs for strains in the processing plant by repeated isolation of 

particular strains. It also suggested the presence of persistent biofilms as endemic 

sources of these strains in the factory. 

A study by Haubold & Rainey (1996) investigated fluorescent pseudomonads found 

on plant surfaces. Phyl1osphere-colonising fluorescent pseudomonads were sampled 

from sugar beet plants in a single plot. Samples were taken from three leaf types 

(mature, immature and senescent) to determine if populations of fluorescent 

pseudomonads are genetically highly diverse or clonal in origin. Isolates were 

deemed clonal if their chromosomal profiles were identical to any other strain. This 

would suggest both isolates had the same genetic origin. Initially isolates of 

fluorescent pseudomonads were biotyped using API-20NE biochemical test strips. 

MLEE of 10 enzymes was performed on selected isolates to determine allelic 

(genomic) variation between the strains. The isolates were separated into 14 

phenotypes by biotyping. From MLEE 68 different electromorphs were revealed, 44 

of which were unique, 14 appeared twice, 7 three times, 2 four times, and 1 six times. 

Haubold & Rainey (1996) concluded that strains from single leaves were often clonal 

in origin, indicating the genetic diversity was independent of leaf age. The technique 

of MLEE is introduced in full in chapter TIL 



Chapter I Introduction 8 

1.4 INVESTIGATION AIMS. 

The main aims of this study were; 

1: To determine the percentage of Ps. jluorescens in the milk environment, relative to 

other species of fluorescent Pseudomonads. 

2: To characterise psychrotrophic isolates of Ps. jluorescens associated with raw and 

pasteurised milk from a South Island dairy company. 

3: To investigate whether these isolates were clonal or non-clonal in origin. 

4: To determine if the end product contamination has an endemic factory source. 

These aIms were achieved by 1) isolation of rRNA group 1 fluorescent 

pseudomonads using selective differential media, 2) distinguishing amongst species 

within rRJ'JA group 1 pseudomonads by phenotypic means (eg carbon utilisation, 

carbohydrate fermentation, as determined by API-20NE characterisation), and 3) 

characterisation of Ps. jluorescens isolates by genetic means to a clonal or subspecies 

level by the use of MLEE. 

Isolates were also analysed using RAPD-PCR analysis protocols, as well as SDS

PAGE whole cell protein analysis. This epidemiological study has shed light on the 

sources of endemic or persistent contamination by Ps. jluorescens in the milk 

processing environment. Proteolytic enzyme production by strains isolated was also 

determined, assessing an isolate's potential to cause milk damage. An isolate's 

potential to break down milk protein contained in Bacto Litmus Milk agar (BLMA) is 

described in chapter II. 
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MATERIALS AND METHODS 

2.1 SAMPLING PROCEDURE 

2.1.1 Site of study. 

A South Island dairy factory was the site of investigation. All isolates were obtained 

on site from environments within the faotory or products produced at the factory. 

2.1.2 Sampling sites. 

Samples were obtained from three areas of the factory and final product. Sampling 

concentrated on three sites and associated site environments; (see figure 1) 

I Raw milk 

II Processed milk 

III Pasteurised milk 

Sampling site I included the raw milk product, the tanker coupling point and the 

drain in the raw milk reception area, a total of 3 samples. Sample site II involved 

processed milk samples from the separator hose, a sample from the separator funnel 

and a drain in this area, a total of three samples. Sample site III included pasteurised 

milk, a swab of the pasteurised milk tank and a drain sample from beneath this tank, a 

total of three samples. An additional sample was also taken from a 2 litre whole milk 

packaged product. In total 10 sampling points were routinely monitored. 
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Figure 1 

Factory Sampling Sites. 

Raw milk tank 

Milk Separator 

-Separator funnel 

-----------.- ~~----~--, 
Coupling point 

~ Raw Milk Area 
Sample points 
lA,IB,IC(I-5) 

_ t KEY=SAMPLE SITE 

~ Separated milk 
drain 

Separated Milk 
Area 
Sample points 
2A,2B,2C(1-5) 

Pasteurised milk 
drain 

Pasteurisation 
point in process 

10 

Pasteurised milk 
tank 

tank seal 

Pasteurised Milk 
Area 
Sample points 
3A,3B,3C(1-5), 
4A. 

Figure 1: A schematic illustration of the milk processing plant. The black dots 

highlight sampling sites used in this study. 
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2.1.3 Sampling period. 

Samples were obtained monthly over a six month period beginning in March through 

to August 1996. 

2.1.4 Sampling method. 

Surface Sampling. 

Surface sampling was performed by swabbing sampling sites with a sterile dry 

Johnston and Johnston cotton bud (see figure 2 for an illustration). Buds were placed 

into a 20 ml universal tube containing 10 ml of Kings B medium (see appendix I). 

Tubes were placed on ice for no more than 30 min while samples were transported to 

the laboratory and processed. Tubes were thoroughly shaken to release bacteria from 

the bud. 100 J-li of this inoculum was' spread plated, using a sterile glass spreader, 

onto Gould's medium (see appendix II) for incubation under the temperatures 

described in section 2.1.5 of this chapter. A sterile bud was also placed in Kings B 

medium and an aliquot was removed and spread plated as above and used as a control. 

Milk Sampling. 

100 ml of milk was taken from each milk sampling site under aseptic conditions. 

250 ml sampling vessels were autoc1aved (see appendix I) before sampling, samples 

were taken using a 100 ml sterile syringe. 100 J-li aliquots from milk samples were 

spread plated onto Gould's medium and incubated as described below. Pasteurised 

milk samples were used as controls for this procedure (see figure 3 for an illustration 

of Gould's agar). 

2.1.S Incubation conditions. 

Plates were incubated under two psychrotrophic conditions. One plate from each 

sample was incubated at 10°C for five days, the second at 21 °c for 48 h as described 

by Byrne ef aI, 1988. 
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Figure 2 

The Coupling Sampling Site. 

Figure 2: Tanker coupling point. Monthly samples were taken from this site, however 

no fluorescent pseudomonad isolates were obtained. 
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Figure 3 

Fluorescent Bacterial Isolates on Gould's Agar. 

Figure 3: Bacterial streaks on Gould's agar. PAOI is a strain of Ps. aeruginosa from 

the laboratory collection, P. FLURO is an isolate of Ps. jluorescens from the 

laboratory collection, E. COLI is an Escherichia coli strain from the laboratory 

collection and TAP H20 N03 is an uncharacterised Gram-positive isolate from an 

environmental water sample. 
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2.1.6 Bacterial isolation. 

Five fluorescent bacteria were selected at random from the two sampling plates, one 

from each incubation condition. Samples were named to reflect the month of 

isolation, the area of isolation and given an identification number (eg. 12Al is a 

March isolate, from the processed milk, and is isolate number one). A maximum 

number of 50 samples therefore could be obtained from sampling per month from the 

factory environment. Isolates were also obtained from the dairy factory laboratory 

after routine quality control isolation. These isolates grew on Kings B medium at 

30°C. Isolates obtained in this fashion were replica plated onto Gould's medium and 

incubated under both psychrotrophic conditions described earlier. Five fluorescent 

isolates from each plate were selected at random. 

2.1.7 Sampling controls. 

Pseudomonad isolates were not obtained from several areas of the factory such as 

pasteurised milk and the coupling. Pasteurised milk and 2 L product did not 

demonstrate Pseudomonas contamination and were control features of the sampling 

scheme. No positive samples were produced indicating the sampling technique was 

adequate. Failure to isolate Pseudomonads from the coupling point was not due to 

sampling with dry cotton buds, as this apparatus was covered with a surface water 

film. This suggests that there were no or low Pseudomonads numbers in this site. 

Coupling sanitisation procedures appear to have eliminated Pseudomonads from this 

point. Isolation from fresh product by the dairy factory laboratories was sporadic, and 

usually coincided with a single product contamination event. Emichment cultures of 

fresh 2 L product performed in our laboratory yielded no Pseudomonas isolates. 
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2.2 BACTERIOLOGICAL METHODS 

2.2.1 Culture conditions. 

All Pseudomonas isolates were cultured under aerobic conditions at 30°C after 

primary isolation on either Gould's agar, Sorbitol-McConkey agar or in Luria Broth 

(LB). This was done as a means of increasing bacterial numbers over a shorter span 

of time. 

2.2.2 Storage of Strains. 

For day to day use strains were stored on Gould's medium at 4°C. For long term 

storage isolates were stored in 25% glycerol at -80°C in 1.5 ml microfuge tubes. 

2.2.3 Strain Identification. 

Strains were identified to genera and species level using API-20NE test strips 

supplied by Med-bio Enterprises. Each test strip contains 20 tests; 8 conventional 

biochemical tests and 12 carbon assimilation tests. The strip is designed for the 

identification of Gram-negative, non-fastidious Enterobacteriaceae. The 

conventional tests were inoculated with a bacterial suspension diluted in sterile saline 

which is used to reconstitute the medium. The first test, nitrogen assimilation (NO)), 

requires the addition of a drop of Nit 1 and Nit 2 reagent (see appendix II), the second 

test, Tryptophan (Trp), requires the addition of a drop of Indole reagent (see appendix 

II). Results were scored for a particular colour change indicating a positive or 

negative reaction. The carbon assimilation test cells were rehydrated with an inoculum 

of the bacterial culture in minimal medium lacking a carbon source. In these tests 

bacterial growth can only occur upon metabolism of the particular carbohydrate (see 

appendix I). API-20NE strips were incubated at 30°C for 24 h after which the first 

two tests (NO) & Trp utilisation) were scored. Growth was assessed by formation of a 

cloudy precipitate in the test cells. Strips were incubated for a further 24 h at 30°C 

before the remaining 18 tests were recorded. A numerical code (biotype) was 
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generated based upon the results of the biochemical and assimilation tests. Codes 

were compared to a computer data base containing numerous strains of Gram-negative 

bacteria. The program generates the percentage probability of a strain being identified 

correctly between 0-100%. In some cases, alternative identifications are suggested. 

For further details refer to the manufacturer's instructions (see figure 4 for an 

illustration of the API-20NE biochemical test strip). 

2.2.4 Enzyme Assays. 

Bacto Litmus Milk Agar (BLMA, see Appendix I) was used to judge the proteolytic 

enzyme production of the isolates. Observation of clear halos on BLMA resulted 

from the degradation of milk proteins by test organisms. This assay was not a 

quantitative measure of enzyme production, but a qualitative test for the ability of the 

isolate to produce enzymes with this function, under the conditions examined. 

2.3 BIOVAR AND SEROTYPE IDENTIFICATION 

2.3.1 RAPD PCR of Whole Cell Lysates. 

Polymerase chain reaction (PCR) of whole colonies (C-PCR) was performed on a 

Corbett Research FTS-320 Thermal Sequencer. Primers were purchased from Amrad

Pharmacia; dNTP's, PCR buffers and Taq polymerase were purchased from Gibco 

BRL. Primer stock solutions (300 pmol/I.d) were diluted 1: lOin distilled water 

(dH20) to give a final concentration of 30 pmol/J.d. A master mix of dNTP's was 

made by combining all 4 nucleotides (diluted to a concentration of 200 JlM each). 

4 III of this dNTP mix and 1 III of primer were added to a 24 h colony scraped from 

Gould's agar with a sterile micropipette tip. To this mix 5 Jll of 10 x PCR buffer 

(100 mM Tris (pH 8.3), 15 mM MgCI2, 500 mM KCl), 3 III of25 mM MgCl2 and 37 

JlI of dH20 were added to a final volume of 49.5 ilL This mix was heated to 99°C for 

10 min to lyse the bacterial cells for PCR. 
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Figure 4 

Illustration of the API-20NE Test Strip. 

. . - - ~~ --- ------. ~ 
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. 
Figure 4: A used API-20NE test strip. Cells 3, 4, 5, 7, 9, 10, 11 ,12,13, 15, 16, 18, and 

19 show a positive result generating the biotype 4357555. See the previous section in 

the text for details on the interpretation of the API-20NE biochemical test strip. 
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2.5 units of Taq DNA polymerase were added to each tube, and tubes were overlayed 

with 50 JlI of paraffin oil. Each tube was then mixed by a quick pulse in a 

microcentrifuge. PCR amplification was performed with an initial denaturation 

temperature of 95°C for 7 min, followed by 30 cycles of denaturation (90°C for 30 s), 

annealing (52°C for 1 min) and extension (65°C for 8 min). The programme included 

a soak step which maintained the reactions at 4°C until the tubes were removed and 

stored at -21°C. 10 JlI ofPCR product was applied to a 2% agarose gel and examined 

as described below. 

2.3.2 Agarose Gel Electrophoresis ofPCR Product. 

DNA fragments amplified by PCR were separated by electrophoresis through 2% 

agarose gels using T AE buffer ( see appendix II). 10 JlI of PCR products were mixed 

with 2.5 JlI bromophenol blue dye before loading into wells in the agarose gel. 

Fragments were separated by exposure to an electrical current of 60 volts/cm2 running 

from anode to cathode for 1-2 h. Electrophoresis was conducted in a Biorad mini sub 

or DNA sub cell apparatus. After electrophoresis gels were stained in 1 x T AE buffer 

or water, containing ethidium bromide (0.5 Jlglmr1
) for 20 min. DNA was visualised 

using a Chromato-VUE TM-15 transilluminator (320 nm). Computer enhancement 

was done on an Ultra Lum, Electronic UV Transilluminator. 

2.3.3 Whole Cell Protein Analysis 

Extraction of Bacterial Proteins 

The procedure of protein extraction and denaturation for SDS-P AGE electrophoresis 

was adapted from Sorenson et ai, 1992. Briefly, a culture tube containing 5 ml LB 

broth (see appendix I) was inoculated with a single loop of cells from frozen stock and 

shaken at 30°C for 24 h. An 1 :50 dilution of this culture was used to inoculate 10 ml 

ofLB medium and cultures were grown for a further 24 h, aerated at 30°C. Cells were 

grown to an optical density of 0.5 at OD600nm corresponding to mid/late exponential 

growth phase. The appropriate concentration (approximately 106 cfulml) of cells was 
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centrifuged at 15,000 rpm for 10 min at 4DC. Cell pellets were resuspended in 350 ~l 

of 2 x loading buffer (see appendix II) and transferred to a sterile 1.5 ml microfuge 

tube. Samples were boiled for 5 minutes at 100DC. Tubes were centrifuged for 5 min 

at 12,000 rpm and allowed to cool for 5 min before storage at -21 DC. 

Protein Electrophoresis 

This procedure is adapted from Laemmli, 1970. Protein bands were separated by 

SDS-PAGE through a 12% polyacrylamide separating gel and a 3% stacking gel, 

using equipment purchased from Hoefer Scientific. Prior to sample loading the wells 

were cleaned with 1 x running buffer (see appendix II). 20 ~l of sample was added to 

each well. Gels were placed in a tank and the upper and lower buffer chambers were 

filled with 1 x running buffer ( see appendix II). Gels were subjected to constant 

voltage (100V) until the dye front had migrated through the stacking gel. After this 

the voltage was increased (200V) until the dye front had migrated off of the end of the 

gel. Gels were stained for 30-60 minutes in protein stain (see appendix II). Excess 

stain was removed from the gel using several washes of destain ( see appendix II ) 

until the blue background had disappeared. Destained gels were either dried onto 

filter paper to maintain a permanent record or washed in H20, blotted with Whatman 

3mm filter paper or its equivalent and covered with plastic wrap for temporary 

storage. 

2.3.4 Multiple Locus Enzyme Electrophoresis 

Preparation of Enzyme Extracts 

To obtain sufficient quantities of cytoplasmic enzymes from bacterial isolates (1010 

cfu/ml), 10 ml of sterile LB medium was inoculated with a loopful of bacterial cells 

and incubated aerobically for 24 h at 30DC. Overnight cultures were harvested by 

centrifugation for 10 minutes at 11,000 rpm at 4DC. Bacterial pellets were 

resuspended in 1 ml of extraction buffer (see appendix II), and sonicated with a 

Microson Ultrasonic Cell Disrupter for 30 s or until the bacterial suspension cleared. 

Sonicated samples were stored at -80DC in 1.5 ml centrifuge tubes until used for 

electrophoresis. 
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Non-Denaturing Electrophoresis on Starch 

The methods used in this study are adapted from Selander et aI, 1986. A perspex 

apparatus for horizontal starch gel electrophoresis was manafactured at the University 

of Canterbury. Starch concentration in the gel is 11 %; 33g is suspended in 300 ml of 

gel buffer ( see appendix II). Starch is suspended in 100 ml of gel buffer, while the 

other 200 ml is heated in a microwave oven for 2 min at full power. Solutions are 

combined and heated for a further 2-3 min at full power stirring every 15 s. Starch 

suspensions were aspirated for 20 s and immediately cast in a gel box. After the gel 

has set at room temperature for 2 h, it is covered in plastic film to prevent desiccation, 

and is used within 24 h after preparation. To load gels a comb is inserted vertically 

into the gel 2 cm from the negative pole. Up to 22 isolates can be loaded per gel, by 

inserting 4 mm by 3 mm segments of Whatman filter paper, or its equivalent, first 

dipped in thawed sample into the gel comb slots. Pieces of filter paper dipped into 

bromophenol blue are loaded into slots-at each end of the wells to act as markers for 

the buffer front during migration. During electrophoresis, a constant current of 65 

milliamps is maintained until the blue dye front has migrated off the gel. Gels are 

cooled by placing an ice pack on top of the gel during electrophoresis. 

Electrophoresis is conducted in a refridgerator at 4°C. 

Enzyme Staining for Starch 

Following electrophoresis gels were removed from the running box and cut into 3-4 

horizontal slices (1-2 mm thick ), using a thin wire. Each slice was incubated 

individually at 37°C in various staining solutions. Enzymes regularly used in this 

study for starch gels were Glutamic-oxalacetic transaminase (GOT), Phosphoglucose 

isomerase (PGI), and Shikimic acid dehydrogenase (SKDH) ( see appendix II for 

enzyme recipes used in this study). 

Non-Denaturing Electrophoresis on Cellulose Acetate 

The methods used in this study are adapted from Herbert & Beaton, 1989. A Titan 

III cellulose acetate gel apparatus was purchased from Helena Laboratories and used 

in this study. Initially, Titan III cellulose acetate plates were cut into quarters (76 mm 

by 76 mm) and soaked in a beaker containing 400 ml of TG buffer (see appendix II). 
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Care was required when immersing plates into the buffer to prevent blistering of the 

cellulose. The cooling tray was chilled to 4°C and placed into the dry well in the 

centre of the electrophoresis tank. Both sides of the electrophoresis tank were filled 

with 200 ml of TG buffer (see appendix II). The cellulose acetate plates were 

removed from the TG buffer and blotted dry with Whatman 3 mm filter paper. 10 III 

of each sample was loaded into each sample well in the sample loading plate 

(maximum of 12 samples). This sample was transferred to the cellulose acetate plate 

using the Super Z-12 applicator apparatus purchased from Helena Laboratories as per 

the manufacture's instructions. The plate was placed acetate side down on the centre 

of the cooling tray in the electrophoresis tank. Each end of the plate was covered by a 

filter paper wick soaked briefly in TG buffer (see appendix II). The wicks had one 

edge immersed in the tank buffer and the other covering approximately 5 mm of the 

cellulose acetate plate along one entire edge. Electrophoresis was carried out at room 

temperature at constant volts (200 V) for approximately 15-25 min. 

Enzyme Staining for Cellulose Acetate 

Cellulose acetate plates were removed from the cooling tray in the electrophoresis 

tank and placed into a large plastic weighing boat (100 mm by 100 mm). The plate 

was covered by 5 ml of the appropriate staining solution (see appendix II), and 

incubated at 37°C until clear, distinct band staining is apparent (approximately 10 

min). Enzymes regularly used in this study were Phosphoglucose isomerase (PGI), 

Shikimic acid dehydrogenase (SKDH), and Glucose-6-phosphate dehydrogenase 

(G6PDH) (see appendix II for enzyme recipes used in this study). 

Analysis of Gel Results 

Electrophoretic migration from the origin of stained enzyme bands were compared in 

each gel. A marker was constructed from each electromorph, and was used for inter

gel comparison. Distance variation from the origin in the slices allows categorisation 

of each isolate. The band with the highest anode mobility was scored as A, the second 

B, through to the band with the lowest anode mobility. If a second band is present the 

isolate is given the letter after the band with the lowest anode mobility (eg band 1 is 

A, band 2 is B and lowest anode mobility band is D, this isolate would be 
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characterised as E). If an isolate lacked a band, it was scored as NA, not applicable. 

This contrasts methods used by Haubold & Rainey, 1996, who scored the absence of a 

band. In this study this assignment of null alleles was not appropriate as replication of 

the extraction preparation was not performed due to time constraints. Therefore the 

lack of a band in this study could be due to a poor preparation, not necessarily by a 

null allele. This scenario is unlikely as no one isolate was negative for all 4 enzymes 

tested on starch and cellulose acetate, however this could be a function of the quantity 

of enzymes in the preparation. Scoring a band as NA reduces the classification power 

of the analysis, but does not introduce error into the study. These results were 

converted into a binary data format using Microsoft Excel, which was imported into 

the S~ Plus statistical program as a csv file. Cluster analysis was carried out using the 

unweighted pair group algorithm averages (UPMG), (for S-Plus commands see 

appendix III). This data was graphed as a dendrogram based on genetic distance using 

theS-Plus graph function. From this dendrogram clonality and relatedness were 

interpreted amongst the strains of Ps.jluorescens. 
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CHAPTER III 

SULTS 

3.1 SAMPLING RESULTS 

3.1.1 Biotype Diversity. 

A total of 230 bacterial isolates were obtained from the sampling procedures outlined 

in chapter II. Of these, 55 were isolated from the final product, 30 from raw milk, 25 

from the raw milk drain, 30 from separated milk, 30 from the separator funnel, 25 

from the separator drain, 5 from the pasteurised milk tank swab and 30 from the 

pasteurised milk drain. No isolates were obtained from the pasteurised milk and the 

coupling. (see table 1, tables i-vii appendix IV). 

API-20NE tests identified these isolates as belonging to the Pseudomonas genus in 

all but seven cases. 162 typed as Pseudomanas j/uorescens, 36 as Ps. putida, 18 as 

Ps. aureofaciens, 5 as Ps. aeruginosa, 5 as Chromobacterium violaceum, 2 as Ps. 

pseudomallei, and 2 as Vibrio paraheamolyticus (see figure 5, tables i-vii appendix). 

\ 
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Genera of Bacteria Isolated per Month. 
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Figure 5: Proportion of each ofthe seven bacterial species isolated each month. 
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Table 1. Isolates obtained at each sampling point during months 1-6 . 

. Isolation Month 1 Month 2 Month 3 Month 4 MonthS Month 6 
point 
Raw milk 5 5 5 5 5 5 

Coupling - - - - - -

Raw milk - 5 5 5 5 5 
drain 
Separated 5 5 5 5 5 5 
milk 
Separator 5 5 !5 5 5 5 
funnel 
Separator - 5 5 5 5 5 
drain 
Pasteurised - - - - - -
milk 
Tank swab - 5 - - - -
Pasteurised 5 5 5 5 5 5 
milk drain 
2 litre - - - - - -
product 

Table 1: Numbers of isolates obtained from each sampling area over the study 

period. The 2 litre product was obtained in a plastic bottle form. A - indicates an area 

tested from which no isolates were obtained. A maximum of five isolates were taken 

from each sampling point. Final product isolates are not included in this table. See 

chapter II for details on sampling methods. 

3.1.2 Trends in Isolation. 

Ps. jluorescens was isolated in all factory sampling sites with the exception of 

pasteurised milk and the coupling. Pasteurised milk should be free from 

Pseudomonas (see chapter I) therefore isolation of the microbe from these samples 

would suggest a non-milk contamination source. As no organisms were obtained 

from pasteurised milk sampling, procedures employed in the study only detected 

Pseudomonas from the milk environment. The number of Ps. jluorescens isolates 

cultured in the laboratory increased over the sampling period (see figures 5 and 6, 1-

VII appendix). During the final month of sampling (month 6) Ps. jluorescens 

accounted for 100% of the isolates. 
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Figure 6 

Ps. jluorescens Isolates From Factory Sites Over the Sampling Period. 

RM c RMD SM SF SMD PM TS 
Site of Isolation 

8 1stMonth 

.2nd Month 

C3rd Month 

C4th Month 

.5th Month 

C6th Month 

Figure 6: Numbers of Ps. jluorescens isolated from each sampling site. RM= raw 

milk, C= coupling, RMD= raw milk drain, SM= separated milk, SF= separator 

funnel, SMD= separated milk drain, PM= pasteurised milk, TS= tank swab, and 

PMD= pasteurised milk drain. 

PMD 
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By choosing five isolates at random from each plate sampling bias against one 

genera over another was minimaL However there was a tendency to choose larger 

colonies from the plates, introducing a bias towards isolates with faster replication 

rates. The sampling procedure was consistent throughout the entire sampling period. 

Therefore trends exhibited in biotype isolation should not be an artefact of the 

sampling protocol. Four additionl Ps. fluorescens biotypes were observed in the final 

product sampling (for prominent biotypes see figure 7, also note tables i-vii 

appendix). 

Of Ps. putida isolates from factory sampling (excluding final product isolates) 79% 

were obtained from the separated milk, which is heat treated to approximately 45°C. 

Ps. putida isolates from the final product sampling consisted of 9 different biotype 

profiles, 7 of which were never isolated from the factory or milk sampling (see figure 

8, tables i-vii appendix). 

The isolation frequency of Ps. aureofaciens increased over the earlier sampling 

periods. Two isolates were obtained in month 1, five in month 2, and ten in month 3 

before disappearing completely from the samples taken from months 4, 5 and 6. No 

isolates were obtained from final product sampling. Ps. aureofaciens was never 

isolated from heat treated milk (see figure 5, tables i-vii appendix). 

Ps. aeruginosa (a human opportunistic pathogen) was isolated from the separator 

drain, separated milk and final product. To occur in separated milk the organism must 

tolerate higher temperatures (see table 1, tables i-vii appendix). 

The two isolates identified by the API-20NE test strips as Vibrio parahaemolyticus 

were obtained from separated milk. Gram staining showed this bacterium to be a 

Gram-negative rod, not the expected comma of the Vibrio genus. No other tests were 

perfonned to identify this isolate (see figure 5, table i-vii). 
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Figure 7 

Ps. jluorescens Biotypes Isolated each Month and from Final Product. 

j 
o 
J!! 
'0 
J 
E 
:::I 
Z 

Mth1 Mth2 Mth3 Mth4 

Month of Isolation 

• Biotype 
0167655 

• Biotype 
0357555 

C Blotype 
0147757 

[]other 

Mth6 Mth6 Final 
Product 

Figure 7: Ps. fluorescens isolates that group into each of the three common biotypes, 

per month and from final product. 



Chapter III 

5 

4.6 

4 

3.6 

1! 3 
S 
0 2.5 J! .. 
QI 
.D 2 E 
:::I z 

1.5 

1 

0.5 

0 

l 
I 

rr 
t 

~. 

1 
J-
~ 
~ 

.JJ .. 

1st 
Month 

Results 

Figure 8 

Isolation Points of Ps. putida. 
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Figure 8: Numbers of Ps. putida isolated from each of the nine sampling sites, in 

months 1-6. 
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C. violaceum was isolated from the raw milk drain, the separated milk drain and the 

separated milk. Ps. pseudomallei was isolated from the raw and separated milk (see 

figure 5, tables i-vii appendix). 

To summarise,65 % of final product isolates were Ps. jluorescens, 33 % Ps. putida 

and 2 % Ps. aeruginosa (see figure 5, tables I-VII appendix). 

3.1.3 Enzymatic Production. 

All isolates were grown on BLMA as described in chapter II. Isolates producing 

proteolytic enzymes able to denature milk proteins appear as colonies surrounded by 

clear halos on the medium. 

Ps. jluorescens isolates had variable proteolytic ability. Strains that biotype as 

0157555 or 0357555 on API-20NE test strips in all cases produced proteolytic 

enzymes. Isolates with these biotype profiles were the only enzyme producers found 

in the final product. Strains with different biotypes from factory and milk sampling 

have variable proteolytic ability. 

Ps. putida isolates had no detectable proteolytic ability. Two of the 18 Ps. 

aureofaciens isolates and two of the five Ps. aeruginosa strains isoled from milk had 

the ability to produce proteolytic enzymes. All isolates of Ps. pseudomallei and C. 

violaceum exhibited proteolytic activity. Colonies of both organisms fluoresced 

weakly on Gould's agar. 

No halos were produced by the two "V parahaemolyticus" strains, yet bright pink 

colonies did appear indicating acidification of the medium. 'The true identity of these 

strains remains unclear. 
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3.1.4 SDS-P AGE Analysis. 

Characterisation of isolates to the species level was attempted using the technique of 

SDS-PAGE as detailed in chapter II. SDS-PAGE allows for the separation of cellular 

proteins by their respective molecular weights (Laemmli, 1970). Polyacrylamide gels 

are formed from the polymerisation of acrylamide monomer into long chains by 

forming crosslinkages between the molecules (Hames et ai, 1981). 

Whole cell lysate SDS-PAGE was performed in this study. This technique has the 

ability to generate species-specific banding patterns capable of complementing 

biotype profiles generated by the API-20NE test strips (Sorenson et ai, 1992). 

Previous research performed by Sorenson et al (1992) used this method to 

characterise Ps. jluorescens isolates. Carbohydrate utilisation data complimented the 

SDS-PAGE results to identify the organisms to the species level. 

Cell cultures were grown to identical optical densities before lysates were prepared. 

This allowed standardisation of the quantity of cell lysate in each preparation. Protein 

standardisation was not performed. The isolates initially chosen to trial this method 

were from the first month of sampling, and were treated as described in chapter II. 

Results of this experiment are shown in figure 9. 

Very similar banding patterns were generated for most of the 20 initial isolates. 

However so many bands were produced and at different intensities that analysis 

proved difficult. Protein concentration standardisation would have had to be 

performed as well as computer analysis to interpret data produced by this technique. 

This was outside the time and financial constraints of this study. 

Sorenson et ai, (1992) modified the techniques in their study by digesting the protein 

lysates with the enzyme proteinase K and addition of urea to the support medium. 

The gels produced by this technique were silver stained, which is in contrast to the 

methods detailed in chapter II. 
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Figure 9 

SDS-PAGE Protein Gel of Month 1 Isolates . 

. --'-
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Figure 9: Whole cell protein banding patterns of the month 1 isolates. The isolates . 
were electrophoresed in the order llAl , l 1A2, l1A3, l1A4, l 1A5, 12Al , 12A2, 

12A3, 12A4, 12A5, 12Bl , 12B2, 12B3, 12B4, 12B5, 13Cl , 13C2, 13C3, 13C4, and. 

13C5 (Lanes 1-20). The marker arrows highlight protein bands not expressed by all 

isolates. For further explanation see the previous text. 
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. This revised technique produced four silver stained protein fragment bands that 

could be used to rapidly identify Pseudomonas isolates to the species level. However 

these methods were not powerful enough to characterise the isolates below the species 

level. 

These methods were replicated in this study, however digested samples analysed by 

SDS-PAGE (Urea) resulted in no observable bands (data not shown). Gels were 

stained with silver stain (Sorenson et ai, 1992), and by coomassie brilliant blue as 

detailed in chapter II. No observable bands were obtained with either stain, 

suggesting complete digestion of all proteins had occured. As the SDS-PAGE results 

only generated characterisation to the species level and API -2 ONE tests achieved this 

result, API-20NE test strips were utilised as the sole method of Fluorescent 

pseudomonad identification. This method of identification was also described by 

Rainey et ai, 1994. 
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IV.l MLEE ANALYSIS 

3.2.1 MLEE: an Introduction. 

Isozymes were discovered in 1957 by Hunter and Market, and since then have played 

a key role in linking organismal and molecular concepts of evolution. Isozymes are 

multiple molecular forms of an enzyme that share the same substrate but differ in 

electrophoretic mobility (Soltis & Soltis, 1989). One major area of their use is as a 

tool for genetic analysis, utilising enzymatic proteins as markers of chromosomal 

variation in an organism's genome (Richardson et aI, 1986, Selander et aI, 1986). 

MLEE is the study of polymorphic variations in a number of interspecific or 

intraspecific enzymes. These analyses are possible because an enzyme's net 

electrostatic charge, and hence rate of migration through a support medium such as 

cellulose acetate or starch, is determined by its amino acid composition. Mobility 

variants (electromorphs, or allozymes) of an enzyme can be directly equated with the 

number of alleles at the corresponding structural gene locus (Selander et aI, 1986). 

80-90% of amino acid substitutions can be detected by this method (Kehoe et aI, 

1996). Interspecific or intraspecific house keeping enzyme electrophoretic mobility 

variants are characterised by utilising the technique of native non-denaturing gel 

electrophoresis and zymogram staining (Kehoe et aI, 1996),(see chapter II). 

MLEE techniques tend to underestimate total allelic variations due to the inability to 

detect silent substitutions, amino acid substitutions that do not affect electrophoretic 

mobility, and/or post-transcriptional modifications (Selander et aI, 1986, Kehoe et aI, 

1996). Analysis of the electrophoretic mobilites of mUltiple metabolic enzymes by 

statistical methods allows generation of matrices of pair-wise coefficients of genetic 

distances. The enzymes studied should be produced by all isolates so full matrices 

can be calculated. Genetic distances are scored from 0.0 (identical profiles of 

relatedness) to 1.0 (no sharing of profiles of the enzyme studied). MLEE produces 

data which is easily amenable to analysis by statistical methods of population 

genetics, especially when dealing with a large number of isolates. Results allow 

strong inferences to be determined concerning the extent of horizontal gene transfer 
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and intergenomic DNA recombination among strains of a species (Kehoe et ai, 1996). 

This also allows ranking of isolates as different subspecies or distinct species, based 

on features other than morphology, a problem discussed in chapter I (Soltis & Soltis, 

1989) 

3.2.2 Separation Media. 

Electrophoretic separation of proteins can be performed on a variety of different 

support media, including starch, cellulose acetate, acrylamide and agarose (Soltis & 

Soltis, 1989). Traditionally most allozyme electrophoresis has been carried out on 

starch, but all support medium have their respective advantages and disadvantages 

(Richardson et ai, 1986). 

Both starch and cellulose acetate were-used in this study to characterise the two Ps. 

jluorescens biotypes 0157555 and 0357555. There were no discernible differences in 

single locus results produced by either technique, however cellulose acetate produced 

less band distortion and required less preparation and so was the method of choice in 

this study. Other benefits of the cellulose acetate method were that it required 

significantly shorter run times (25 min vs 4+ h for starch), and much smaller sample 

volumes are required; 7 JlI of sample is sufficient for 10-15 isozyme analyses. Stain 

volume was considerably smaller for cellulose acetate; 1 ml of stain as opposed to 20+ 

ml for starch gel slices. Cellulose acetate gel slices may be air dried in 2 hours and 

stored indefinitely (Fulton et ai, 1992). For details on cellulose acetate 

electrophoresis and starch electrophoresis see chapter II (and "Methodologies for 

Allozyme Analysis Using Cellulose Acetate Electrophoresis", by Hebert & Beaton, 

1989). Figures 10 and 11 are illustrations of a starch and a cellulose acetate gel. 

3.2.3 Isolates Analysed. 

Isolates other than P. jluorescens of the biotypes 0157555 and 0357555 were not 

studied by MLEE. 0157555 and 0357555 groups were the only biotypes found in 

final product sampling that produced proteolytic enzymes. 
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Figure 10 

MLEE Starch Gel. 
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Figure 1 0: A MLEE starch gel of 18 isolates stained with PGI (lane 2, 62B4; lane 3, 

62B5; lane 4, 62C4; lane 5, 62C5; lane 6, F30336ABD; lane 7, BBF32121A4; lane 8, 

BBF32121A5; lane 9, BBF32122A3; lane 10, BBF32122A4; lane 13, BBH32180Dl; 

lane 14, BBH32180D3; lane 15 BBF32351B2, lane 16 BBF32351B4, lane 17 

BBF32350B5, lane 18 BBF32350B6, lane 19 BBH32448D5, lane 20 F30997BBB2, 

~md lane 21 BBH32180D5). Lane 1, 11 12 and 22 are electromorph markers 

constructed from the mixing of preparations from the isolates 41 C2, 11 A3 and 12B 1. 

Lane 13 contains a null allele with no band expression. For details on strain 

identification and for information on gel analysis refer to chapter II. 

36 
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Figure 11 

MLEE Cellulose Acetate Gel. 

2 3 4 5 6 7 8 9 10 11 12 

Figure 11: A general MLEE cellulose acetate gel of 12 isolates stained with G6PDH 

(lane1, 6IAI ; lane 2, 61A2; lane 3, 61A4; lane 4, 61A5; lane 5, 43C4; lane 6, 43C5; 

lane 7, 42A5; lane 8, 42CI; lane 9, 51A2; lane 10, 21C3; lane II , 41C3 ; lane 12, 

i 2B5). No markers were electrophoresed on this gel as electrophoretic 

characterisation was performed previously for each isolate. Lane 8 contains a null 

allele with no band expression. For details on strain identification and for information 

on gel analysis refer to chapter II. 
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These biotypes were isolated from all factory sampling sites in high numbers over all 

sampling periods and might represent endemic contamination (see sampling results). 

3.2.4 Enzymes Screened. 

97 strains in total were screened for the presence of 8 enzymes; aspartate amino 

transferase (GOT), glucose-6-phosphate isomerase (PGI), glucose-6-phosphate 

dehydrogenase (G6PDH), malate dehydrogenase (MDH), Leu-Ala peptidase (LAP), 

shikimate dehydrogenase (SKDH), 6-phosphogluconate dehydrogenase (6PGD), and 

alcohol dehydrogenase (ADH) , as outlined by Herbert & Beaton, 1989 and 

Richardson et ai, 1986. Of these enzymes only GOT, SKDH, PGI and G6PDH 

provided reproducible and reliable results with acceptable enzyme polymorphism. 

Manipulations of buffer pH and constituents were performed for the other enzymes as 

outlined in Herbert & Beaton, 1989, however no marked improvement was observed. 

One locus was scored for each enzyme with the exception of PGI, where two loci 

were reliably scored. 

3.2.5 Medium Comparisons. 

Comparison of gel electrophoresis on different medium (ie. starch vs cellulose 

acetate) was not possible. Separation of allozymes were not consistent between the 

two medium, and the presence of one locus on PGI was not observed on cellulose 

acetate. This problem of inter electrophoretic comparisons was also apparent in a 

study of Walleye salmon by Fulton et al (1992). They found that cellulose acetate 

failed to resolve one MDH locus and was unable to separate a PROT -4 protein from 

another protein present in all Walleye. They postulated these difficulties may have 

been eliminated by the manipulation of running conditions and buffer composition, 

however our study found manipUlations of this type to have little effect on the variable 

results. 



Chapter III Results 39 

3.2.6 Data Analysis. 

Cluster analysis of genetic distance using the S-Plus statistical package, unweighted 

pair group algorithm with arithmetic averages was chosen to analyse MLEE data 

(UPMG). Cluster analysis was also performed using single and complete linkage 

parameters, however the results produced by these methods were less discriminatory. 

While UPMGA has the underlying strong assumption of ultrametricity, it has the 

benefit of proceeding by the intuitively appealing method of grouping the most similar 

taxa (Swofford & Olsen, 1990; Haubold & Rainey, 1996), (see chapter II for details 

on data analysis). 

The dendrogram is a graphical display of genetic distance, or genetic diversity within 

a target population. Figure 12 graphically illustrates the clustering of 97 strains of Ps. 

jluorescens, and is generated from data-obtained by MLEE analysis. The numerical 

axis is a measure of distance, or genetic diversity. Distance is scored from 0.0, which 

represents identical profiles generated by the enzyme analysis, to 1.0, a co-efficient 

illustrating no sharing of profiles by the enzymes studied. Branching of a line 

represents a point at which a group of isolate's profiles diverge (ie, they no longer 

share identical traits). The corresponding point on the axis illustrates the degree of 

similarity the two groups share (eg, a group diverging at 0.5, illustrates 50% of 

profiles are shared). A single line intersecting a vertical line alongside a group of 

strains represents a group with identical profiles (ie, all profiles are shared, genetic 

distance 0.0). A group like this can be deemed clonal, or of the same genetic origin 

on the basis of the traits analysed. Table 2 represents the genetic diversity generated 

by each allele, and the number of alleles per enzyme screened. 

3.2.7 Cluster Analysis. 

Cluster analysis of the two Ps. jluorescens biotypes 0157555 and 0357555 revealed 

26 diverse electromorphs among the original 97 isolates; these strains clustered into 

three major groups ( see figure 12). 
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Table 2 

Number of Alleles and Genetic Diversity at the 4 Loci Surveyed Among Dairy 

Factory Ps.fluorescens Biotypes 0157555 and 0357555. 

No. 

4 0.552 

dehydrogenase (SKDH) 

Glucose"6"phosphate 6 0.564 

dehydrogenase (G6PDH) 

Glucose-6-phosphate 5 0.306 

isomerase (PGI) 

Aspartate amino 5 0.355 

transferase (GOT) 

41 

Table 2: The genetic diversity of phenotypes was reflected by the scores generated 

from the four allozyme markers. Between four and six different alleles were scored 

per locus (above), the mean genetic diversity per locus was 0.444. The largest 

proportion of this diversity is contained in the biotype 0157555 (see figure 12). 

Genetic diversity was calculated using the equation; 

s 
D=l- N(N-l) 2: j=l Nj(Nr 1 ) 

where D= genetic diversity of the enzyme, N= number of strains, Nj = frequency of the 

jth allele, and s= number ofET's (band positions)(methods adapted from Aeschbacher 

& Piffaretti, 1989). 
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One group, 16, was composed of 34 isolates representing all sampling sites including 

final product sampling. Isolates from the month 4 sampling period were absent from 

this cluster. The second largest cluster contained only 9 isolates (cluster 26). Cluster 

16 appears to represent the dominant population in the factory and the final product. 

Clusters 1, 6, 18, and 20 are characterised by containing final product isolates only; 

these groups contain no isolates from the factory environment. These strains might 

represent populations endemic to the final product environment only or environmental 

strains missed in the factory sampling scheme. 

Clusters 5, 7, 9, 16, 17, 21, 24, and 26 contain strains isolated in different months 

and in different sampling sites. Samples contain isolates taken from the same 

environment, yet they appear in different clusters. This could be evidence of 

persistence and movement of strains through the factory environment. 

The biotypes 0357555 and 0157555 are not distinguished by MLEE cluster analysis. 

Both biotypes may appear in the same cluster (eg, cluster 16, figure 12), illustrating 

the genetic sequence responsible for the distinguishing trait is not detected by MLEE 

of the four enzymes. The different biotypes are determined by the production of the 

enzyme urease. The biotype 0157555 does not produce urease, where as 0357555 

does. 

Isolate BBF32351B5 is found in cluster 6, and the isolate BBF32351B3 is found in 

cluster 16. These strains have been isolated from single colonies taken from King's B 

agar inoculated from a single contaminated milk sample. This observation can be 

explained by multiple contamination of the milk products by more than one strain of 

Ps. jluorescens or by a mutation arising in one isolate in the enzymes studied. The 

mutation theory is unlikely as this type of event is observed with other clusters (eg 17, 

26, and 1). These clusters also contain strains with variable biotypes. 

Excluding cluster 16 ( the dominant population ), a high degree of diversity is 

displayed in figure 12. A low level of clonality is observed within and between these 
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clusters particularly isolates from group I and II. A high degree of diversity of raw 

milk isolates entering the system is displayed throughout the factory environment and 

final product. This is the expected finding as discussed in chapter I, and will be 

elaborated on in chapter VI. 
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VI.1 RAPD-PCR ANALYSIS 

3.1.1 PCR: An Introduction. 

Polymerase chain reaction (PCR) is a synthetic version of a natural process utilised 

by cells to replicate or copy their nucleotide genomes (Hillis et ai, 1996). Mixtures of 

single-stranded oligonucleotide primers complimentary to specific genomic DNA 

sequences are used to initiate the DNA polymerase reaction (Persing et ai, 1996). 

Genomic DNA is first denatured and generally two primers are used which recognise 

DNA sequences on opposing strands that are in close proximity to one another (3-

3,000 nucleotides). DNA polymerase binds to the primers, and in the presence of 

excess dNTP's (single nucleotide bases) copies the DNA strand between them, using 

the original DNA strands as templates for the reaction (persing et at, 1996). The first 

primer anneals to a complementary strand and reproduces a complementory strand to 

that of the originaL The second primer also anneals to a single strand of genomic 

DNA at its complementary site and produces a DNA strand complementary to the first 

strand (Hillis et ai, 1996). The DNA polymerase can copy 1000 nucleotides per 

minute and terminates when the strands and primers denature. Four strands of DNA 

will have been generated, two for each primer. These steps are repeated until the 

desired copy number of the target DNA is achieved (Hillis et ai, 1996). High 

temperature cycles for denaturation and annealing, close to the melting point (Tm) of 

the oligonucleotide primers allows for highly specific binding of primers to target 

sequences. This reduces the background level of DNA replication and ensures that all 

DNA replication is due to the added thermostable polymerase. This generates 

amplified DNA product within the primer sequence (Persing et ai, 1996). 

The DNA polymerase used for PCR was isolated from a hot springs bacterium 

Thermus aquaticus, a thermophile capable of replicating at extremely high 

temperatures. Heat-stable properties of this enzyme enables the heating of the PCR 

reaction mixture to 94°C, which denatures the double stranded DNA (dsDNA) without 

destroying the polymerase functional ability (Hillis et ai, 1996). 
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The PCR cycle consists of three phases; 1) denaturation of DNA template, 2) 

annealing of primers and the start of complementary strand synthesis and 3) extension 

of complementary strands at high temperature to ensure specificity. A thennal cycling 

machine controls the conditions of each step as well as the time between them. 

Cycles are repeated until the desired product concentration is achieved, which is 

detennined empirically (Hillis et aI, 1996). 

3.1.2 RAPD-PCR. 

RAPD-PCR is the random amplification of polymorphic DNA and is a modification 

of the PCR technique discussed above. It is designed to generate species-specific 

DNA products which can be used to distinguish isolates of the same species 

(Hernandez et ai, 1995; Berg et ai, 1994). In this method a single primer of arbitrary 

sequence is used in low stringency PCRamplification (Berg et ai, 1994). This allows 

DNA synthesis to initiate from sites where the primers bind, and does not require 

complete sequence homology (Berg et ai, 1994). Primers are generally ten 

oligonucleotides in length, although any primer may be attempted. Useful RAPD

PCR profiles yield between 5-15 DNA fragments of variable length from the target 

genome. It is assumed that the DNA product produced is generated from throughout 

the target genome, with each product reflecting two primer binding sites within close 

proximity of one another (Hillis et ai, 1996). RAPD-PCR, under optimal conditions, 

is potentially a very sensitive and reliable means of diversity det~ction within a 

microbial species (Berg et ai, 1994; Hillis et aI, 1996). ERIC-PCR ( Enterobacterial 

repetitive intergenic consensus sequence-PCR) is slightly different to nonnal RAPD

PCR in that two primers are used, however ERIC primers generate DNA fragments 

from different sites on the target genome with some primer homology. ERIC-PCR 

generates a species specific profile similar to that of a RAPD-PCR profile (Versalovic 

et ai, 1991). 
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3.1.3 Study Results. 

With respect to this study, the technique ofRAPD-PCR potentially had the power to 

differentiate between fluorescent pseudomonads of the same species, isolated from the 

raw milk and the milk factory environment. Lawrence & Gilmore (1995) used 

RAPD-PCR to type L. monoeytogenes (as discussed in chapter I). Their study 

successfully separated 289 isolates into 18 different RAPD profile groups. 

Techniques of whole cell lysate RAPD-PCR were adapted from Lawrence & 

Gilmore (1995). The primers initially trialed were ERIC lR, and ERIC 2. ERIC 

primers were shown to produce repeatable banding patterns (between 5-15 bands) for 

Ps. aeruginosa by Versalovic et aI, (1991). The ERIC primer sequences are: 

ERICIR 5' -ATGTAAGCTCCTGGGGATfCAC-3', 

ERTC25'-AAGTAAGTGACTGGGGTGAGCG-3'. 

RAPD-PCR results generated from these primers were poor; DNA fragments were 

amplified in some reactions, however these results were not reproducible (See figure 

13). Techniques were employed to improve these results however they were 

unsuccessfuL 

As the typical Pseudomonas genome is G-C rich (Stanier et aI, 1984) other G-C rich 

primers were trialed, such as SERC (72 % G+C), and SERF AC (66 % G+C)( primers 

designed for use in Serratia entomophila), as well as a 50% G-C primer 94-94 (a 

primer designed for Campylobaeter jejuni). Primer sequences are: 

SERC 5'-CGCGAAGCCTTCCGCCAG-3' (Smith, 1996). 

SERFAC 5'-GCGATGCCGATCAGGGCT-3' (Smith, 1996). 

94-94 5'-CATCTCCGAAAAGTTCC-3' (Armstrong, per com 1997). 
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Figure 13 

ERIC-peR Gel (Whole Cell). 

Figure 13: Agarose gel electrophoresis of five ERIC-PCR products from the isolates; 

lane 2, l3C3; lane 3, 21Al ; lane 4, 21A2; lane 5, 21C4; and lane 6, 22C3 . Lane 1 is a 

lkb marker. Some poor DNA fragments are visible. 
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Figure 14 

RAPD-PCR Gel With Primer 94-94. 
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'Figure 14: Agarose gel electrophoresis of five RAPD-PCR products using the primer 

94-94 from the isolates; lane 2, 13C3; lane 3, 21Al ; lane 4, 21A2; lane 5, 21C4; and 

lane 6, 22C3. Lane 1 is a 1 kb marker. High background product is visible in this gel. 
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Initial results obtained using SERC, SERF AC and 94-94 were similar to those 

achieved using ERIC primers. However when the annealing temperature of the 

reaction was lowered from 52°C to 37°C, the primer 94-94 produced the fragment 

profile shown in figure 14. 

Isolates unfortunately were unreliable in their DNA patterns with 94-94 as well. A 

significant problem with RAPD-PCR was that even under seemingly identical 

reaction conditions, DNA fragment profiles were unrepeatable. An unacceptably high 

background was also produced which interfered with the resolution of DNA fragment 

bands on agarose gels (see figure 14). 

To overcome these problems a simple trouble-shooting protocol was followed, 

modified from Hillis et aI, 1996. Initially MgCl2 concentrations, primer 

concentrations and dNTP concentrations were varied (3-6 mM MgCI2, 10-100 uM 

dNTP' s). Altering these conditions systematically had little effect, with the exception 

of MgC12 concentration, which at higher levels increased the amount of PCR product 

produced, but failed to lower the background. The whole cell lysate method for DNA 

extraction was modified and genomic DNA was prepared from cell cultures by 

methods adapted from Versalovic et aI, 1991. Restriction endonuclease digestion of 

purified DNA template revealed the presence of digestable chromosomal DNA yet no 

observable improvement in RAPD-PCR results were noted (see figure 15). 

Hillis et al (1996) proposed many other additives to enhance PCR reactions. Some 

of the most common are bovine serum albumin (BSA), gelatin, NP-40, Tween-20, 

triton X-100, glycerol and DMSO. These additives are thought to stabilise the 

enzyme (BSA and gelatin), reduce secondary structure problems (the detergents), or 

favour precise annealing (Hillis et aI, 1996). A third DNA template preparation 

method was utilised involving glycerol preparations. Cells for PCR were taken 

directly from frozen stock (in 25% glycerol) and introduced to the PCR reaction 

mixture in this state. This had the effect of producing clearly reproducible banding 

patterns in all isolates tested (see figure 16). 
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Figure 15 

RAPD-PCR Gel of Chromosomal DNA With ERIC Primers. 
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Figure 15: ERIC-PCR product electrophoresis of chromosomal DNA extracted from 

9 isolates of Ps. fluorescens from the isolates; lane 2, 13C3; lane 3, 21Al; lane 4, 

21A2; lane 5, 21C4; lane 6 22C4; lane 7, 22C5; lane 8, 31Al ; and lane 9, 31A2. Lane 

1 and 10 contain a 1 kb marker. No amplification is visible, however significant 

background is present. 
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Figure 16 

RAPD-PCR Profiles Using Glycerol Prepared DNA and Primer 94-94. 
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Figure 16: (A) The electrophoresis of 94-94 primer PCR product from four Ps. 

jluorescens isolates; lane 2, 13C3; lane 3, 21A1; lane 4, 21A2; lane 5, 21C4 using the 

glycerol preparation method. Lane 1 and 6 contain a 1 kb marker. (B) Month 1 
. 
isolates treated as in (A), the isolates were electrophoresed in the order 1kb marker, 

11A1 , 11A2, 11A3, 11A4, 11A5, 12A1, 12A2, 12A3, 12A4, 12A5, 12B1 , 12B2, 

12B3, 12B4, 12B5, 13C1 , 13C2, 13C3, 13C4, 13C5 and 1kb marker (Lanes 1-22). 
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However this pattern was identical between isolates of different species of 

fluorescent pseudomonads as determined by API·20NE biotyping and MLEE. 

Homologous loci are very difficult to identify between distantly related to unrelated 

organisms, making RAPDs difficult to use for inter-populational or interspecific 

comparisons (Hillis et aI, 1996). This suggests that glycerol PCR results were purely 

an artefact of template preparation. RAPD-PCR was abandoned in favour of 

multilocus enzyme electrophoresis (MLEE), a technique that has the ability to make 

both intra and inter-populational and interspecific comparisons (Hillis et aI, 1996). 
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C APTERIV 

DISCUSSION 

4.1. Proportion of Ps fluorescens in the Milk Environment vs Other Fluorescent 

Pseudomonads. 

In this study isolates that were identified as Ps. fluorescens by growth and the 

production of a fluorescent pigment on Gould's agar or by growth on the less selective 

Kings B media, incorporate significant margins of error (approximately 30%). This is 

due to the fact that Gould's medium actively selects for fluorescent pseudomonads by 

the use of the detergent sodium lauroyl sarcosine and the antibiotic trimethoprim but 

does not distinguish the species Ps. fluorescens from other fluorescent pseudomonad 

in any way. In a diverse microbial community low in fluorescent pseudomonads, 

such as soil, recovery on Gould's medium of fluorescent phenotypes was consistently 

82.5% (Gould et ai, 1985). Kings B media allows for the growth of fluorescent 

pseudomonads, but is relatively nonselective (Gould et al, 1985). In this study further 

analysis by the API-20NE test system revealed that a high percentage of isolates were 

Ps. fluorescens although the statistical confidence with which isolates could be typed 

varied between Ps. fluorescens and fluorescent Pseudomonas. Of the 230 bacteria 

isolated throughout this study 70% were identified by the API-20NE test system as 

Ps. fluorescens. All of the isolates analysed in the study produced a fluorescent 

pigment or compound that was capable of fluorescence on Gould's medium. 

This study has demonstrated that the actual psychrotrophic flora in the milk 

processing environment contains a mosaic of diverse Pseudomonads and other 

species, not just Ps. fluorescens. This finding is not unanticipated as the external 

environment contains a veritable plethora of diverse psychrotrophs associated with 

many different niches (as discussed in chapter I). Due to the nature of the milk 
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processing industry (eg. numerous farms supplying raw milk to one central holding 

facility) many different psychrotrophs will be introduced to the processing plant. A 

range of these bacteria appear to be able to persist over a considerable period of time 

in the dairy factory environment. Evidence of this phenomenon is illustrated by 

cluster 16 in figure 12, which highlights strains of Ps. jluorescens cultured at every 

sampling except month four, from most factory sites. Before month four isolates of 

cluster 16 are limited to the raw milk and raw milk drain. Regardless of whether this 

strain was introduced by a single or multiple contamination events, it has persisted 

over a six month period at some level in the system (eg, farm or factory). It has also 

colonised a considerable area of the factory. It is more likely that mUltiple 

contamination occurred, as the cluster 16 strain was not seen in month four, but then 

reoccured in months five and six. 

With the exception of month four there is a constant presence of the cluster 16 strain 

in the milk environment. It is possible the source of this strain is one farm that did not 

supply in month four. In the months prior to month 4 the strain was generally 

confined to the raw milk environment. However in the final month (month six), the 

strain was located throughout the factory indicating its capability of colonising the 

factory in all environments. As the phenomenon is not exhibited in the previous five 

months, this poses the question as to whether a hygiene barrier failed in month six. 

4.2 Characterisation of Psychrotropic Isolates of Pseudomonas fluorescens Associated 

with Raw and Pasteurised Milk. 

Successful classification of Ps. jluorescens into distinct biotypes by the API-20NE 

biochemical test system was achieved. Ps. jluorescens fell into three main biotypes, 

0357555, 0157555 and 0147757. Isolates from the biotypes 0357555 and 0157555 

denatured milk proteins in BLMA forming halos. This test was not a quantitative 

measure of enzyme production, although halo size appeared constant between these 

two biotypes. Each biotype appeared to contain the primary organisms endemic to the 

milk processing environment (clusters 16 and 9 etc). The biotype 0157555 is also 

endemic in the external environment. This biotype was the primary profile isolated 
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from English silver beet leaves (Haubold, pers com, 1997). The biotype 0357555 was 

isolated infrequently by this group, and may represent a population not normally 

associated with sugar beet leaves. 

API-20NE characterisation was not sufficiently powerful to detect the true diversity 

within the Ps. jluorescens population. Evidence of this is shown by multi locus 

enzyme electrophoresis (MLEE) cluster analysis data in figure 12. MLEE was able to 

separate the two biotypes further into 26 discrete clusters. 

4.3 Origin and Clonality of Ps. fiuorescens Biotypes 0157555 and 0357555. 

Biotypes examined in this study were grouped by computer assisted analysis of 

MLEE data produced from the profiles of four enzymes. Other techniques trialed 

such as SDS-PAGE and RAPD-PCR failed to produce the robust interpretable results 

generated by MLEE. MLEE allowed categorisation of the 97 strains into 26 distinct 

clusters (see figure 12). Cluster 16 contained 34 isolates and this cluster may 

represent a clonal population of Ps. jluorescens within the dairy factory. However it 

is also possible there remains genetic diversity within this population not detected by 

the methods used in this study. As both biotypes were present in cluster 16 some 

genetic heterogeneity within this group is possible. Clusters 5, 8, 17, 19,22, and 26 

contain four or more individual strains which could represent clonal strains of Ps. 

jluorescens in the dairy factory. The potential for error in construction these clusters 

has previously been discussed in chapter III. 

These clusters, if clonal, highlight strains of bacteria that are able to successfully 

occupy a niche and outcompete other organisms. These strains may be able to 

replicate faster or produce compounds that give them a selective advantage in certain 

conditions, and in certain habitats. Evidence for this could be the proteolytic ability of 

some biotypes of Ps. jluorescens compared to other non-proteolytic biotypes. 

Alternatively it may illustrate strains that are in high abundance in the external 

environment entering the system. This would imply that the factory environment may 

be rapidly colonised by a particular biotype, and that quality control is poor. 
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In general the categorisation of the 97 isolates into 26 clusters demonstrates the 

genetic heterogeneity within the Ps. jluorescens population in this environment. This 

is expected to be due to the host of environmental contamination sources discussed in 

chapter I. Morias et al (1996) and Haubold & Rainey (1996) state that there is a great 

deal of Pseudomonas heterogeneity in the environment, however one strain may 

dominate a particular niche. 

4.4 Source of Final Product Contamination. 

Cluster 16 in figure 12 contains isolates from final product, raw milk, raw milk drains, 

separator funnel, separator drain, and pasteurised milk drain. Clusters 17, 22 and 26 

have isolates from tank swabs as well as final product. No isolates from the separated 

milk clustered with final product isolates. The source of final product contamination 

could primarily be from raw milk isolates contaminating the factory. However any 

one of these aforementioned sites may contain endemic strains of bacteria from other 

sources responsible for final product spoilage. Endemic strains may persist in the 

form of a biofilm associated with improperly sanitised equipment. 

Isolation of five Ps. aeruginosa biotypes deserves a mention as the presence of this 

organism is unacceptable. This species is an opportunistic pathogen, has been 

implicated in foodborne and waterborne diseases, and is now considered a primary 

infectious agent of humans (Rowe & Fin, 1991, Elaichouni et aI, 1994). 

Independent research by Haubold & Rainey 1996, Haubould pers com 1997, Morais 

et aI, 1996 and this study has shown most environments containing fluorescent 

pseudomonads have a dominant strain or biotype. In the dairy factory two biotypes 

are prevalent and both produce proteases able to cause milk spoilage. Fluorescent 

pseudomonads are commonly used as biocontrol agents, excreting compounds such as 

proteases, lipases and antibiotics toxic to other organisms and humans (Leisinger & 

Margraff, 1979). Strains of Ps. aureofaciens endemic to asparagus plants produce 

antifungal antibiotics protecting this plant against the plant pathogen Phytophthora 

(Goddfrey per com, 1997). Ps. aeruginosa strains used for bioremediation of oil 
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contaminated soils and waters (due to their enzymatic function), have been shown to 

be genetically identical to strains recorded as causing disease (Dixon, 1996). 

Potentially this phenomenon could be exhibited in the dairy environment. Certain 

crops (eg asparagus, silver beet or foliage) may be treated with a fluorescent 

pseudomonad that produces a protease useful for biocotrol, and later be consumed by 

dairy cows. This protease that provided the biocontrol property may cause a 

contamination problem for the dairy industry. Alternatively selection of certain 

pastures for grazing that contains a dominant Pseudomonas strain producing a 

problematic protease, such as the situation with the biotype 0157555 in cluster 16 

(figure 12), could cause similar problems. 

C. violaceum, and V. parahaemolyticus can grow on Gould's medium under 

psychrotrophic conditions and produce some fluorescent pigments. This suggests 

other bacteria could also be. responsible for a proportion of psychrotropic 

contamination (see chapter I). Gould et ai, (1985) detected other bacteria from 

sewage sludge on Gould's medium, however these were Shigella, Klebsiella, 

Enterobacteriaceae, Citrobacter, and Actinobacter species, not C. violaceum or V. 

paraheamolyticus. C. violaceum and V. parahaemolyticus species identification by 

API-20NE profiles were statistically poor «50%), therefore conclusions drawn from 

the presence of these organisms must be tentative. 

The presence of clonal Pseudomonads in the final product indicates that strains 

present in the environment are able, at certain times to overcome hygienic barriers in 

the dairy factory. 

4.5 Future Research. 

Analysis ofthe biotypes using another 4-6 enzymes could potentially separate the 26 

clusters generated in this study further. This would enable stronger conclusions to be 

drawn about the origins, and clonality of strains in the dairy factory. Also multiple 

preparation of enzyme extracts could remove the null alleles produced by some 

isolates. 
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Analysis of the proteolytic enzyme quantity produced by each cluster is potentially 

very important. One strain may produce several orders of magnitude more protease 

than another and may be the primary cause of enzymatic spoilage. It would be 

possible to subsequently construct a hygiene barrier that targets this particular strain 

of Ps. fluorescens. 

Ps. aeruginosa has been implicated as a surrogate indicator for the presence of other 

opportunistic pathogens (Geldreich, 1992). Certain strains of fluorescent 

pseudomonads such as Ps. aeruginosa could be indicators of contamination by more 

pathogenic organisms in the dairy environment. Research on these organisms could 

provide an early warning system for health risk contamination events. 

The presence of one or more biotypes of Ps. fluorescens in the raw milk may 

correlate with the increased spoilage potential of certain products. An investigation 

that develops methods for early detection of problematic organisms would be valuable 

to the dairy industry. 
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APPENDIX 

MEDIA 

I.i. GENERAL MEDIA. 

Unless stated otherwise, all of the media used was sterilised by autoclaving for 20 minutes at 

120kP A at 121°C. Solutions that were unable to be heated to high temperatures were filter

sterilised through a 0.22 Jlm filter and added to media after autoclaving. Most media was made 

up to a volume of 1 litre with dH20. 

Luria Bertania Medium (LB). 

109 Bactotryptone 

5 g Yeast extract 

5 gNaCI 

In dH20 up to 1 litre, pH adjusted to 7.0 with NaOH before autoclaving. 

Goulds Medium. 

18 g Agar 

10 g Sucrose 

10 ml Glycerol 

5 g Casamino Acids (hydrolysed extract of casein) 

1 gNaHC03 

1 g MgS04.7H20 

2.3 g K2HP04 

1.2 g Sodium laurol sarcosine (SLS) 

20 mg Trimethoprim lactate 

Adjustments to the methods described by Gould et al (1985) have been made. Agar is 

autoclaved separately from other components of the media in 500 ml dH20. With the exception 
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of Trimethoprim lactate and SLS the remaining reagents were combined into a total volume of 

500 ml dH20 and autoclaved. Trimethoprim and SLS are filter-sterilised and added to agar after 

cooling to 50°C. Both 500 ml volumes are then mixed and poured into petri dishes. Goulds 

medium is stored at room temperature to prevent SLS precipitation. 

Kings B Media 

20 gAgar 

20 g Proteose peptone 

1.5 gK2HP04 

1.5 g MgS04.7H20 

15 ml Glycerol 

Sorbitol McConkey Agar 

25 g Difco Sorbitol McConkeys Agar in dH20. 

Dado Litmus Milk Agar 

15 g Agar 

105 g Gibco Bacto Litmus Milk Medium 

API-20NE AUX Medium (Included in Kit) 

2.0 g Ammonium sulphate 

1.5 g Agar 

82.5 mg Mineral base 

250.0 mg Amino acids 

35.9 mg Vitamins / nutritional substances 

Phosphate buffer 0.04 MpH 7.1 to make 1 litre 

NaCI 0.85% Medium 

8.5 g Sodium chloride 

1 Etre dH20 
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APPENDIX II: BUFFERS AND 

SOLUTIONS. 
II.i. COMMON BUFFERS 

Solutions that required sterilisation were either auotclaved at 121°C at 120kPa or filter-sterilised 

through a sterile 0.22Jlm filter. 

TEBuffer 

10 mM Tris-HCI 

1 rnMEDTA 

In dH20 and pH adjusted to 8.0 

TAE IX Buffer 

50 mM Tris base 

0.11 % v/v Glacial acetic acid 

1 rnM EDTA (pH 8.0) 

In dH20 and pH adjusted to 8.0. 

DNA Loading Buffer for Agarose Gel Electrophesis 

30% Glycerol 

0.25% Bromophenol blue 

0.25% Xylene cyanol FF 

2% Agarose Gel Components 

0.6 g Agarose 

30ml TBE 

Bring solution to boil before casting in a gel box. 
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lUi SPECIFIC BUFFERS AND SOLUTIONS 

II.ii.a) SDS-PAGE Gel Electrophoresis for Proteins (Adapted from Silhavy et al) 

Acrylamide Stock 

300 g Acrylamide 

8 g Bisacrylamide 

H20 up to 1 litre 

Store at room temperature. 

10% SDS 

109 Sodium dodecyl sulphate (SDS) 

H20 up to 100 mls 

Store atroom temperature. 

4X Lower buffer 

181.7 g Tris base 

40 m110% SDS 

H20 up to 1 litre 

Adjust the pH to 8.8 with HCl. 

4X Upper buffer 

60.6 g Tris base 

40 mllO% SDS 

H20 up to 1 litre 

Adjust the pH to 6.8 with HCl. 

0.1% BpB 

10 flg Bromophenol blue 

10 ml H20 

Store at room temperature 
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2X Sample buffer 

12.5 ml4X Upper buffer 

20.0 ml Glycerol 

H20 up to 60 mls 

2X Loading buffer 

0.5 ml ~-Mercaptoethanol 

0.25 ml 0.1 % BpB 

4.0 ml 10% SDS 

5.3 ml2X Sample buffer 

Running buffer 

12 g Tris 

57.6 g Glycine 

40mllO% SDS 

H20 up to 4 litres 

Stain 

125 ml Isopropanol 

50 ml Glacial acetic acid 

325 mlH20 

Buffers and Solutions 

1.25 g Coomassie brilliant blue (R250) 

Destain 

1 L Methanol 

1.4 L Glacial acetic acid 

H20 up to 20 Htres 
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II.ii.b) Isozyme Electrophoresis (Starch Gel Electrophoresis adapted from Selander 1986) 

Extraction buffer 

10 mM Tris 

1 mMEDTA 

0.5mMNADP 

Adjust pH to 6.8 

Electrode buffer B 

54.0 g Tris 

36.1 g Citric acid monohydride 

H20 up to 1 litre 

Adjust pH to 6.3 with NaOH. 

Electrode buffer D 

1.2 g Tris 

11.89 g Boric acid 

dH20 up to 1 litre 

Adjust pH to 8.1 with NaOH. 

Gel buffer B 

0.97 g Tris 

0.63 g Citric acid mono hydride 

H20 up to 1 litre 

Adjust pH to 6.7 with NaOH. 

Gel bufferD 

Electrode buffer mixed 1:9 with solution containing 

6.2 g Tris 

1.6 g Citric acid monohydride 

dH20 up to one litre 

Adjust pH to 8.1 with NaOH. 
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Stain for PGI 

50 ml 0.2 M Tris hydrochloride (pH 8.5) 

1 ml 0.1 M MgCl2 

20 mg Fructose 6-phosphate 

10mgNADP 

10mgMTT 

5 mgPMS 

Stain for GOT 

50 mls 0.2M Tris-HCl (pH 8.0) 

50 mg L-Aspartic acid 

1 mg Pyridoxal 5' -phosphate 

100 mg a-Ketoglutaric acid 

100 mg Fast Blue BB salt 

Stain for SKDH 

50 mls Tris-HCI (pH 8.0) 

50 mg Shikimic acid 

10mgMTT 

15mgNADP 

3 mgPMS 

7] 

All enzyme stains are highly toxic and should not contact skin, or be inhaled. If contact occurs 

wash immediately with water. 

II.ii.c Isozyme electrophoresis (for cellulose acetate, adapted from Herbert & Beaton 1989) 

Extraction buffer 

Same extraction protocol as used for starch electrophoresis 
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Electrode buffer(TG) Tris Glycine 

30 g trizma base 

144 g Glycine 
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No need to adjust pH (Approximately 8.5). Make up to 1 liter. Dilute 1:9 TG:water for general 

use. 

Stain for PGI 

25 ml TG buffer 

5mgNADP 

10 mg Fructose 6-phosphate 

5mgMTT 

1 mgPMS 

10 ttl G6PDH 

Stain for G6PDH 

25 ml TG buffer 

5mgNADP 

20 mg D-Glucose-6-phospahte 

5mgMTT 

1 mgPMS 

Stain for SKDH 

25 ml TO buffer 

5mgNADP 

20 mg Shikimic acid 

5mgMTT 

1 mgPMS 
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IIji.d) Griess reagents for API-20NE Tests. 

Nit 1 

0.8g Sulphanilic acid 

100 ml Acetic acid, 5 N 

Nit 2 

0.6 g N-N-dimethyl-l-napthylamine 

100 ml Acetic acid 5, N 

James reagent for the detection ofindole 

0.05 g Compound J2183 

100 ml HCI qsp 

Ox reagent for the detection of oxidase 

1 g Tetramethyl-p-phenylenediamine 

100 ml Isoamyl alcohol 
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APPENDIX III 

STATISTICAL ANALYSIS 

III.1 S-Plus comands for analysis ofMLEE data. 

data <-read.table("a:/name ofworksheet.csv" , sep = "," header = T, row.names -= NULL) 

data 

win.graphO 

data.dist <- dist(t(as.matrix(data[,2:final column]), metric = "binary") 

data.dist 

dist.clus <- hclust( data.dist, method = "average") 

pare cex=O.5) 

plclust(dist.clus, hang -1, labels = names(data[,2:final column]) 

win.printer(file = "a:/clus.wfm" , h =8.27, w 11.59, format = "pace able") 

pare cex=O.5) 

plclust(dist.clus, hang = -1, labels = names(data[,2:final column]) 

dev.offO 
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PEND IX IV 

RAW DATA 

VI.i Strain characteristics and API-20NE profiles. 

Table i 

STRAIN ISOLATE GRAM ENZYME API-20NE API-20NE 
ORIGIN STAIN PROD PROFILE ID 

llAl raw milk -ve -ve 0141457 P. putida 
llA2 raw milk -ve +ve 0157577 P. aureo 
llA3 raw milk -ve +ve 0157555 P. fluro 
llA4 raw milk -ve +ve 0157555 P. fluro 
liAS raw milk -ve +ve 0157577 P. aureo 
12Al sepmilk -ve -ve 0346457 P. putida 
12A2 sep milk -ve -ve 0346453 P. putida 
12A3 sep milk -ve -ve 1346457 P. fluro 
12A4 sep milk -ve -ve 0153455 P. fluro 
12A5 sep milk -ve -ve 0346457 P. putida 
12Bl sep funnel -ve +ve 0157555 P. fluro 
12B2 sep funnel -ve +ve 0157555 P. fluro 
12B3 sep funnel -ve +ve 0157555 P.fluro 
12B4 sep funnel -ve +ve 0157555 P. fluro 
12B5 sep funnel -ve +ve 0157555 P. fluro 
13el past drain -ve -ve 1147575 P. fluro 
13C2 past drain -ve -ve 1146775 P. aerug 
13C3 past drain -ve -ve 0147757 P. fluro 
13C4 past drain -ve -ve 0147757 P. fluro 
12C5 past drain -ve -ve 1147575 P. fluro 

Tables i-vii: Strains isolated in this study and their respective characteristics. P. putida 
represents the species Pseudomonas putida, P. fluro represents the species Pseudomonas 
jluorescens, P. aerug represents the species Pseudomonas aeruginosa, P. aureo represents the 
species Pseudomonas aureofaciens, P. pseudo represents the species Pseudomonas 
pseudomallei, C. viola represents the species Chromobacterium violaceum, and V. para 
represents the species Vibrio paraheamolyticus. Strain codes represent the month isolated (1-6), 
the area of isolation (1-3), the sample site (A-C), and the strain number. For further details on 
strain and final product codes refer to chapter II. Enzyme production test refers to the production 
of a halo on Bacto Litmus Milk Agar (see chapter II). 
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Table ii 

STRAIN ISOLATE GRAM ENZYME API-20NE API-20NE 
ORIGIN STAIN PROD PROFILE lD 

i 2lAl raw milk -ve +ve 0357555 P. fluro 
• 21A2 raw milk -ve +ve 0157577 P. aureo 

2IA3 raw milk -ve +ve 0357555 P. fluro 
2IA4 raw milk -ve +ve 0357555 P. fluro 
2IA5 raw milk -ve +ve 0357555 P. fluro 
21Cl raw drain -ve -ve 0147457 P. fluro 
21C2 raw drain -ve +ve 0157555 =f. fluro 

• 21C3 raw drain -ve +ve 0157555 . fluro 
21C4 raw drain -ve -ve 0143757 P. fluro 

i 21C5 raw drain -ve +ve 0357577 P. aureo 
i 22Al sep milk -ve -ve 0347453 P. putiad 

22A2 sep milk -ve -ve 4143451 P. putida 

• 22A3 sep milk -ve -ve 4143455 P. putida 
i 22A4 sep milk -ve -ve 4340455 P. putida 

22A5 sep milk -ve -ve 4347455 P. putida 
I 22B1 funnel -ve +ve 4557555 P. fluro 

22B2 funnel -ve +ve 4157555 P. fluro 
22B3 funnel -ve +ve 4157555 P. fluro 
22B4 funnel -ve :+ve 4157555 P. fluro 
22B5 funnel -ve +ve 4157555 P. fluro 
22Cl sep drain -ve +ve 1355575 P. aemg 
22C2 sep drain -ve -ve 1147755 P. fluro 
22C3 sep drain -ve -ve 0142457 P. putida 

·22C4 sep drain -ve -ve 0143457 P. putida 
i 22C5 sep drain -ve -ve 0143557 t! fluro 
.23Bl tank swab -ve +ve 0157555 P. fluro 
I 23B2 tank swab -ve +ve 0157555 P. fluro 
.23B3 tank swab -ve +ve 0157555 P. fluro 
! 23B4 tank swab -ve +ve 0157551 P. aureo 

23B5 tank swab -ve +ve 0157555 P. fluro 

• 23Cl past drain -ve -ve 0157577 P. aureo 
23C2 past drain -ve -ve 0157557 P. aureo 
23C3 past drain -ve -ve 0157777 P. fluro 
23C4 past drain -ve +ve 0157777 P. fluro 
23C5 st drain -ve +ve 0157777 P. fluro 
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Table iii 

STRAIN ISOLATE GRAM ENZYME API-20NE API-20NE ID 
ORIGIN STAIN PROD PROFILE 

31Al raw milk -ve +ve 4157555 P. fluro 
. 31A2 raw milk -ve +ve 0357555 P. fluro 

31A3 raw milk -ve +ve 0357551 P. fluro 
31A4 raw milk -ve +ve 4353555 P. fluro 
31A5 raw milk -ve +ve 1357555 P. fluro 
31Cl raw drain -ve +ve 5157555 C. viola 
31C2 raw drain -ve +ve 0157555 P. fluro 
31C3 raw drain -ve +ve 4157555 P. fluro 
31C4 raw drain -ve +ve 0357555 P. fluro 
31C5 raw drain -ve +ve 0157555 P. fluro 
32Al sepmilk -ve -ve 1344453 P. aerug 
32A2 sep milk -ve -ve 5143455 P. putida 
32A3 sep milk -ve -ve 5347455 P. fluro 
32A4 sep milk -ve +ve 5151455 C. viola 
32A5 sep milk -ve -ve 1147455 P. fluro 
32Bl funnel -ve -ve 1147453 P. aureo 

i 32B2 funnel -ve -ve 5147553 P. aureo 

• 32B3 funnel -ve -ve 1147453 P. aureo 
32B4 funnel -ve -yeo 5147453 P. aureo 
32B5 funnel -ve -ve 1143453 P. aureo 
32Cl sep drain -ve +ve 1156455 P. fluro 
32C2 sep drain -ve +ve 0352451 P. fluro 
32C3 sep drain -ve +ve 5157555 C. viola 
32C4 sep drain -ve +ve 5157555 C. viola 
32C5 sep drain -ve +ve 5157555 C. viola 
33Cl past drain -ve -ve 1147557 P. aureo 
33C2 past drain -ve -ve 1147557 P. aureo 
33C3 past drain -ve -ve 1147557 P. aureo 
33C4 past drain -ve -ve 1147557 P. aureo 
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Table iv 

STRAIN ISOLATE GRAM ENZYME API-20NE API-20NE ID 
ORIGIN STAIN PROD PROFILE 

41AI raw milk -ve +ve 1156575 P. pseudo 

i 
raw milk -ve +ve 0157555 P. fluro 
raw milk -ve +ve 0353555 P. fluro 
raw milk -ve +ve 0157555 P. fluro 

. 41A5 raw milk -ve +ve 0157555 P. fluro 
41Cl raw drain -ve +ve 0357555 P. fluro 

.41C2 raw drain -ve ~ve 0157555 P. fluro 
! 41C3 raw drain -ve +ve 0157555 P. fluro 
4lC4 raw drain -ve +ve 0157555 P. fluro 
41C5 raw drain -ve +ve 1156575 P. pseudo 
42AI sep milk -ve -ve 4153455 P. fluro 
42A2 sep milk -ve +ve 7027742 V. para 
42A3 sep milk -ve -ve 4346453 P. putida 
42A4 sep milk -ve +ve 0357555 P. fluro 
42A5 sep milk -ve +ve 0157555 P. fluro 
42Bl ! funnel -ve +ve 0357555 P. fluro 
42B2 funnel -ve +ve 0357555 P. fluro 
42B3 funnel -ve +ve 0357555 P. fluro 
42B4 funnel -ve :+ve 0357555 P. fluro 
42B5 funnel -ve +ve 0357555 P. fluro 
42Cl sep drain -ve +ve 0157555 P. fluro 
42C2 sep drain -ve +ve 0157555 P. fluro 
42C3 sep drain -ve +ve 0357551 P. fluro 

• 42C4 sep drain -ve -ve 0041157 P. putida 
42C5 sep drain -ve +ve 0357555 I p. fluro 
43CI past drain -ve -ve 1046575 I P. fluro 
43C2 past drain -ve +ve 0357555 P. fluro 

I 43C3 past drain -ve -ve 0146575 P. fluro 
43C4 past drain -ve +ve 0157555 P. fluro 
43C5 past drain -ve +ve 0157555 P. fluro 
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Table v 

STRAIN ISOLATE GRAM ENZYME API-20NE API-20NE ID 
ORIG STAIN PROD PROFILE 

5lAI raw milk -ve +ve 0357555 P. fluro 
51A2 raw milk -ve +ve 0157555 P. fluro 
51A3 raw milk -ve +ve 0157555 P. fluro 

• 51A4 raw milk -ve +ve 0353555 P. fluro 
51A5 raw milk -ve +ve 0157555 P. fluro 
51Cl raw drain -ve +ve 0157555 P. fluro 
51C2 raw drain -ve -ve 0147457 P. fluro 
51C3 raw drain -ve +ve 0157555 P. fluro 
51C4 raw drain -ve +ve 0157555 P. fluro 
51C5 raw drain -ve +ve 0347555 P. fluro 
52Al sep milk -ve -ve 4346455 P. putida 
52A2 sep milk -ve -ve 4343455 P. putida 
52A3 sep milk -ve -ve 4151455 P. putida 
52A4 sep milk -ve -ve 4343455 P. putida 
52A5 sep milk -ve -ve 4343455 P. putida 
52Bl funnel -ve -ve 0147757 P. fluro 

~~ 
funnel -ve -ve 0147757 P. fluro 
funnel -ve -ve 0147757 P. fluro 

52B4 funnel -ve -ve 0147757 P. fluro 
52B5 funnel -ve -ve 0147757 P. fluro 
52Cl sep drain -ve +ve 0157555 P. fluro 
52C2 sep drain -ve +ve 0157555 P. fluro 
52C3 sep drain -ve +ve 0157555 P. fluro 

• 52C4 sep drain -ve +ve 0157555 P. fluro 
52C5 sep drain -ve -ve 1156575 P. aerug 
53Cl past drain -ve -ve 0147757 P. fluro 
53C2 past drain -ve -ve 0147757 P. fluro 
53C3 past drain -ve -ve 0147757 P. fluro 
53C4 past drain -ve -ve 0147757 P. fluro 
53C5 past drain -ve +ve 0357551 P. fluro 
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Table vi 

! STRAIN ISOLATE GRAM ENZYME API-20NE API-20NE ID 

i 
ORIGIN STAIN PROD PROFILE 

61Al raw milk -ve +ve 0357555 P. fluro 
161A2 raw milk -ve +ve 0357555 P. fluro 

6IA3 raw milk +ve 0157555 P. fluro 
61A4 raw milk -ve +ve 0357555 P. fluro 

• 61A5 raw milk -ve +ve 0357555 P. fluro 
61Cl raw drain -ve -ve 0347555 P. fluro 

• 61C2 raw drain -ve e 0357455 P. fluro 

• 61C3 raw drain -ve +ve 0357555 P. fluro 
61C4 raw drain -ve -ve 0147555 P. fluro 
61C5 raw drain -ve +ve 0357555 P. fluro 
62Al sep milk -ve +ve I 0157555 P. fluro 
62A2 sep milk -ve +ve 0157555 P. fluro 
62A3 sep milk -ve +ve 0157555 P. fluro 
62A4 sep milk -ve +ve 0157555 P. fluro 
62A5 sepmilk -ve +ve 0157555 P. fluro 

• 62Bl funnel -ve +ve 0357555 P. fluro 
62B2 funnel -ve +ve 0157555 P. fluro 

i 62B3 funnel -ve +ve 0357555 P. fluro 
. 62B4 funnel -ve +ve 0157555 P. fluro 

62B5 funnel -ve +ve 0157555 P. fluro 
62C1 sep drain -ve -ve 1157555 P. fluro 
62C2 sep drain -ve -ve 1157555 P. fluro 
62C3 sep drain -ve -ve 1157555 P. fluro 

! 62C4 sep drain -ve +ve 0157555 P. fluro 
62C5 sep drain -ve +ve 0157555 fluro 
63Cl past drain -ve +ve 0157555 P. fluro 
63C2 past drain -ve 0157555 P. fluro 
63C3 past drain -ve -ve 0157555 P. fluro 
63C4 past drain -ve -ve 0157555 P. fluro 
63C5 past drain -ve -ve 0157555 P. fluro 
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Table vii 

i STRAIN ISOLATE GRAM ENZYME API-20NE API-20NE ID 
ORIGIN STAIN PROD PROFILE 

f30997bbbl flavoured -ve +ve 0357555 P. fluro 
sh2108 10 1 homogensd -ve -ve 0343455 P. putida 
bbf30366al flavoured -ve -ve 4142455 P. putida 
bbf30366al flavoured -ve +ve 0357555 P. fluro 
f30997bbb2 flavoured -ve +ve 0156555 P. fluro 
f30336abd flavoured -ve -ve 0157555 P. fluro 

I bbc3060bc 1 cream -ve -ve 0341455 P. putida 
! bbf30316b 1 flavoured -ve -ve 4246455 P. putida 
L f30993abb flavoured -ve -ve 0143455 P. putida 
• bbf30422b 1 flavoured -ve +ve 0357555 P. fluro 
i f30325abb flavoured -ve -ve 0146455 P. put ida 

bbf30422b2 flavoured -ve +ve 0357555 P. fluro 
I bbf303] 6b2 flavoured -ve +ve 0357555 P. fluro 

• sh2108102 homogensd -ve -ve 0143455 P. putida 
bbc3060bc2 cream -ve -ve 0346457 P. put ida 
f30325abb flavoured -ve -ve 0143455 P. putida 
bdf30594a flavoured -ve -ve 0147555 P. fluro 
bbf30366a flavoured -ve +ve 0357555 P. fluro 

! f30773abb flavoured -ve -ve 0151455 P. fluro 
bbf31966bl flavoured -ve -ve 0346457 P. put ida 
bbf31966b2 flavoured -ve -ve 0346457 P. putida 
bbf31966b3 flavoured -ve -ve 0346457 P. putida 
bbf31966b3 flavoured -ve -ve 0346457 P. putida 

I bbf31966b5 flavoured -ve -ve 0346457 P. put ida 

• bbc32453a 1 cream -ve +ve I 0357555 P. fluro 
I bbc32453a2 cream -ve +ve 0357555 P. fluro 
• bbc32453a3 cream -ve +ve 0357555 P. fluro 
! bbc32453a4 cream -ve +ve 0357555 P. fluro 

• bbc32453a5 cream -ve +ve 0357555 P. fluro 
bbf32121al flavoured -ve -ve 0057555 P. fluro 
bbf32121a2 flavoured -ve -ve 4357555 P. fluro 

• bbf32121a3 flavoured -ve -ve 4357555 P. fluro 
bbf32121a4 flavoured -ve +ve 0157555 P. fluro 
bbf32121a5 flavoured -ve +ve 0157555 P. fluro 

• bbh32448dl homogensd -ve +ve 0357555 P. fluro 
bbh32448d2 homogensd -ve -ve 0357555 P. fluro 
bbh32448d3 homogensd -ve +ve 1156475 P. aerug 
bbh32448d4 homogensd -ve -ve 0143455 P.putida 
bbh32448d5 homogensd -ve -ve 0157555 P. fluro 
bbf32122al flavoured -ve -ve 0343455 !i::gtida 
bbf32122a2 flavoured -ve +ve 0357555 . uro 
bbf32122a3 flavoured -ve +ve 0157555 P. fluro 
bbf32122a4 I flavoured -ve +ve • 0157555 P. fluro 
bbf32122a5 flavoured -ve -ve 4343455 P. putida 
bbh32180dl homogensd -ve +ve 0157555 P. fluro 
bbh32180d2 homogensd -ve -ve 0046575 P. fluro 
bbh32180d3 homogensd -ve +ve 0157555 P. fluro 
bbh32180d4 homogensd -ve +ve 0357555 P. fluro 
bbh32180d5 homogensd -ve +ve 1157555 P. fluro 
bbf32351bl flavoured -ve -ve 0140455 P. putida 
bbf32351b2 flavoured -ve +ve 0157555 P. fluro 
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bbf32351b3 flavoured -ve +ve 0357555 P. fluro 
bbf32351b4 flavoured -ve +ve 0157555 P. fluro 
bbf32350b5 flavoured -ve +ve 0157555 P. fluro 
bbf32350b6 flavoured -ve +ve 0157555 P. fluro 
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