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Abstract

Species within the genus Staphylococcus produce various virulence
factors, including staphylococcal enterotoxins. Because of their
production of enterotoxins, Staphylococcus is the third most common
pathogen responsible for outbreaks of food poisoning worldwide.
Whereas Staphylococcus aureus, a coagulase-positive Staphylococcus,
is the leading cause of these outbreaks, coagulase-negative
staphylococci (CNS) species are also present in food and are able to
produce enterotoxins. More specifically, such CNS species have been
linked with dairy-related food poisoning outbreaks. However, to date, no
research investigating CNS species in New Zealand and their presence
in food has been reported. This study therefore sets out to isolate,
identify and characterise CNS from New Zealand milk and dairy
products, and to evaluate their toxin-producing potential. The results from
this study showed that MALDI-TOF MS is a rapid, reliable and accurate
method for identifying CNS definitively to the genus level and, on most
occasions, to the species level in dairy products and is therefore a
potential alternative to the traditional phenotypic, such as commercial
identification kits, and genotypic, such as sequencing, methods that are
currently used. Of the 42 isolates analysed, none of the CNS isolates
tested produced enterotoxin in vitro, however, 2 isolates were found to
possess an enterotoxin gene. This shows a low propensity for CNS

isolates in New Zealand dairy products to be a food safety risk.
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bp

BP
CFU/mL
CNS
CPS
DNA
DNase
kb

kDa
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rRNA
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brain heart infusion broth
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Baird—Parker agar

colony forming units per millilitres
coagulase-negative Staphylococcus/staphylococci
coagulase-positive Staphylococcus/staphylococci
deoxyribonucleic acid

deoxyribonuclease

kilobase

kilodalton

matrix-assisted laser desorption ionisation-time of flight mass spectrometry

main spectrum

mass to charge ratio

polymerase chain reaction

randomly amplified polymorphic DNA

ribonucleic acid

ribosomal ribonucleic acid

a gene that encodes the B-subunit of RNA polymerase
superantigens

staphylocoocal enterotoxin(s)
staphylococcal-enterotoxin-like superantigens

a gene that encodes the manganese-dependent superoxide dismutase
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species

tryptone soy agar

tryptone soy broth

toxic shock syndrome toxin 1

a gene that encodes the elongation factor Tu



Table of Contents

Abstract
Acknowledgements
Abbreviations
List of Figures
List of Tables
CHAPTER ONE: INTRODUCTION
1.1 The Genus Staphylococcus
1.2 Coagulase-negative Staphylococcus (CNS)
1.3 Staphylococcal Enterotoxins (SEs)
1.4 Presence in Food
1.5 Enterotoxigenic Potential of CNS Species in Food
1.6 New Zealand
1.7 Protein Profiling — A Novel and Rapid Method for Identifying CNS and their Enterotoxins
1.8 Aims of this Investigation
CHAPTER TWO: MATERIALS AND METHODS
2.1 General Requirements
2.2 General Methods
2.2.1 Collection of samples and bacterial isolation
2.2.2 Positive and negative controls
2.2.3 Phenotypic identification
2.2.4 MALDI-TOF MS analysis
2.2.5 Identification by 16S rDNA sequencing
2.2.6 Immunoassay test
2.2.7 SE PCR
2.2.8 SE multiplex PCR
2.2.9 Interpretation of resulting identities
CHAPTER THREE: RESULTS AND DISCUSSION
3.1 Product Analysis

3.2 Identification of Coagulase-negative Species
3.2.1 Identification of CNS isolates using the BBL™ Crystal™ Gram Positive identification
system, Remel RapID™ Staph Plus and MALDI-TOF MS
3.2.2 Definitive identification of seven CNS isolates using 16S rDNA sequencing

9

12

13

13

15

15

18

18

22

26

28

30

34

35

36

36

36

36
41



3.2.3 Comparison of MALDI-TOF MS identification and 16S rDNA sequencing
3.2.4 Overall examination of identification results
3.3 Staphylococcal Enterotoxin
3.3.1 Immunoassay test results
3.3.2 SE gene identification of seven isolates
3.3.3 SE gene identification using multiplex PCR
3.3.4 Overall examination of enterotoxin results
CHAPTER FOUR: SUMMARISING DISCUSSION AND CONCLUSION
4.1.1 Identification of coagulase negative species
4.1.2 Staphylococcal enterotoxin potential of CNS species
4.2 Conclusions
4.3 Limitations of the present study
4.4 Future Work
CHAPTER FIVE: LIMITATIONS

REFERENCES

42
45
48
48
48
48
53
55
55
56
58
59
59
56

60

Vi



List of Figures
Fig. 1. Baird-Parker agar plate showing typical Staphylococcus aureus colonies (2A) with a
visible clearing or halo around the black colony (2B, indicated with arrows).......................... 16

Fig. 2. Baird-Parker agar plate showing non-typical black colonies (Staphylococcus epidermidis)
with no visible clearing or hal0....... ..o 17

Fig. 3. Two Biochemical identification test kits used to identify the 42 Staphylococcus species.
The BBL™ Crystal™ Gram Positive identification system (A, B), and the Remel RaplD ™ Staph
Plus identification SYStem (C, D). . ..ottt 19

Fig. 4. The BBL™ Crystal™ Gram positive identification system showing a typical result for a S.
aureus species (A) and a coagulase negative species (S. saprophyticus, B)........................ 20

Fig. 5. Remel RapID ™ Staph Plus identification system showing a typical result for a S. aureus
species (A) and a coagulase negative species (S. saprophyticus, B)...........coiiiiiiii. 21

Fig. 6. The basic principle of Matrix assisted Laser Desorption lonisation —time of flight mass
spectrometry (MALDI-TOR MS).. .. 23

Fig. 7. The laboratory bench Microflex LT MALDI-TOF MS set-up (A) and the target plate (B)
used for placing samples for ANAIYSIS. ..o 25

Fig. 8. The Implen NanoPhotometer® P300 used to quantify DNA of the 7 isolates sequenced

USING 188 TN A i e e 27
Fig. 9. The complete Ridascreen® SET A, B, C, D, E immunoassay test Kit..............ccccvvvvvvnnnnn. 29
Fig. 10. The Techne TC-512 thermal cycler used to generate PCR products for SE PCR,

multiplex PCR and 16S rDNA SEQUENCING. ...t 31
Fig. 11. The Invitrogen E-Gel® system used for SE PCR analysis...........cccooooviiiiiiiiiiinnns 32

Fig. 12. The UVitec Essential V2 used to photograph the gels generated using both the E-Gel
system for the SE PCR results and the traditional method for the multiplex PCR results......... 33

Fig. 13. An MSP dendrogram generated by the Bruker Daltonics MALDI Biotyper 3.0 Offline
Classification software for seven CNS isolates, for which their identification did not agree among
the three methods BBL™ Crystal™ Gram Positive identification system, Remel RapID™ Staph
Plus and MALDI-TOF MS. Isolate identifications based on 16S rDNA sequencing are as
follows: isolates 1 and 2 — S. epidermidis, isolates 3, 4 and 7 — S. pasteuri, isolate 5 — S.
saprophyticus, isolate 6 — S. SCUIri SUDSP. SCIUIM. ....uuieiii e 43

Fig. 14. A phylogenetic tree generated by MegAlign using Clustal V alignment of the seven CNS
isolates for which the identification did not agree among the three methods (BBL™ Crystal™
Gram Positive identification system, Remel RapID™ Staph Plus and MALDI-TOF MS).
Bootstrap values > 70% are shown. Isolate identifications based on 16S rDNA sequencing are
as follows: isolates 1 and 2 — S. epidermidis, isolates 3, 4 and 7 — S. pasteuri, isolate 5 — S.
saprophyticus, isolate 6 — S. SCUiri SUDSP. SCIUF........oiriii e, 44

Fig. 15. Gel electrophoresis of CNS isolates 1-14 screened for SEA-SEE genes using multiplex

Fig. 16. Gel electrophoresis of CNS isolates 15-28 screened for SEA-SEE genes using
MU DIEX PO R .. e e 51

Vi



Fig. 17. Gel electrophoresis of CNS isolates 29-42 screened for SEA-SEE genes using
MUILIPIEX PCR. .. oo ettt a s 52

viii



List of Tables

Table 1 Identification of 42 CNS isolates using three methods, i.e. the BBL™ Crystal™ Gram
Positive identification system, Remel RapID™ Staph Plus and MALDI-TOF MS.......



