Classification and Spoilage Characteristics of

Chryseobacterium Isolates from Fish

by

Lydia Gavu

Submitted in fulfilment of the requirements

for the degree of

MASTER OF SCIENCE
(FOOD MICROBIOLOGY)

In the

Department of Microbial, Biochemical and Food Biotechnology
Faculty of Natural and Agricultural Sciences

University of the Free State
Supervisor: Prof. C.J. Hugo

Co-supervisors: Dr. A.C. Hitzeroth

Dr. M. Gryzenhout

2019




DECLARATION

I Lydia Gavu, declare that the thesis hereby submitted by me for the M.Sc. degree in the
Faculty of Natural and Agricultural Sciences at the University of the Free State is my own
independent work and has not previously been submitted by me at another university/faculty.
| furthermore cede copyright of this thesis in favour of the University of the Free State.

L. Gavu

January 2020



TABLE OF CONTENTS

Chapter Title Page
AKNOWLEDGEMENTS ....etttitiiieeeesiittit ettt e e e e ettt e e e e e e sttt e e e e e e e s asnssbtneeaaaeeeeaannsssnneeeaaens i
LIST OF TABLES . .....coeeeieiiieieieeeeeeee ettt ettt et ettt e et e et eeeeeeeeeeeeeeaeeeeaeeeeeeeaeeeeeaeeeeees i
LIST OF FIGURES ....cooiitiiiiiiiiiieeeeeeeeeeee ettt ettt ettt ettt ettt e e et et e e e e e et aeeeeeaeaaeeeeaeaeeeaeeaeeeeees iv
LIST OF ABBREVIATIONS .....ettiitiiieeiiiiiiiit et e ettt e e e e e e e sttt e e e e e e e e s ssssneaeaaaeeeaannnneenes v
ABSTRACT 1
IR 01 o T LW o] £ o 1 o SRR 3

2. Classification and Spoilage Characteristics of Chryseobacterium species — A

REVIBW .ottt ettt ettt ettt ettt ettt ettt e et ettt e ettt ettt e e e e e e aaaaaaaaaaes 6
200 R 1 18 o Yo [ 6o 1 o o 1 6
2.2 The genus Chryseobacterium ... 7
2.2.1 HiStOFICAl OVEIVIEW ......iiieieeeeiiicee ettt e ettt e e e e e e ettt a s e e e e e e e eaneenn s 7
2.2.2 The description of Chryseobacterium SPecCies ............ccouvvvviiiiiiiiiiiiiiiiiiiiiiiiiieee 8
2. 2.3 ECOIOQY ..uniieeeiieeeee et a e e e e e et 9
2.2.3.1 ClINICAI SOUICES ...cceviiiiiiiiiiiiieeeeeeeee ettt 9
2.2.3.2 ENVIrONMENTAl SOUICES ....vvuuiiiieeeeiieiiiiies e e e e ettt s s e e e e e e eeeatn s s e e easeennees 10
2.2.3.3 INAUSLIIAl SOUICES ....oeviiiiiiiiiiiiieieeeeeeeee ettt 11
2.2.3.4 Food and food-related SOUICES..........ccuvvvviieiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeee e 11
2.2.4.5 FiSN SOUICES ....uuuiii e e ee ettt s e e e e et s s e e e e e e eaaataa e s e eaeeeennees 13
2.3 TaXONOMIC LECHIQUES .. .uu e e e e e e e 14
2.3.1 GeNOtYPIC METNOAS ...ovviiiieeeee e e e e e e aaaees 16
2.3.2 Conventional phenotypiC tESTS......uuiii i eaeees 20
2.4 Food spoilage charaCteriStiCS ... e 22
2.4.1 ENZYME PrOAUCTION. ... .ccoiiiiiiiiiiee e e e et e e e e e e e e e et s e e e e e e e e e anaaaaas 23
2.4.1.1 Lipolytic enzyme produCtioN...........cceeeiieeiiiiiiiiicee e 23
2.4.1.2 Proteolytic enzyme ProduCtiON...............uuuuuuueeuiiiiiiiiiiiiiieiiiniiinneeeeneneeeneee 24
2.4.2 Sensory spoilage in terms of OOUT ..........covvviiiiiiiiiiiiiiieeeee 25
2.4.2.1 SENSOIY @NAIYSIS ....euiiii e 25
2.4.2.2 Gas chromatography (Volatiles) ..., 26
A 3 O 0 o3 LT = T 1 o 1= 8P PSPRR 27
3. The classification of Chryseobacterium strains isolated from Cape fish ................. 28
G 700 I 1 4 o Yo [T o3 1 oY o 1P 28

3.2 MethOods AN MatErTalS . ....ovu et ettt et et e e e e e e enaeens 30



3.2.1 Cultures used and their MAINTENANCE ........ouuvieeiee e eeeas 30

T A B LN =5 i =T £ [ o PP 31
3.2.3 16S rRNA SEOUENCING ..ceeteiiiiiiiiiiieiie ettt ettt e et e e e e e e e eeeees 32
3.2.4 Visualisation of PCR @ampliCONS.........cooviiiiiiiii i 33
3.2.5 Amplicon clean-up and sequence reactions ...........cccceeveeeerieeiiiiiinieeee e 33
3.2.6. Automated PhenotyPIC tESES .....ccvvviiiiiiiiiiiiiieeeeeeeeeeee e 33
3.2.6.1. BIOLOG™ Omnilog Gen llI identification System............cccceeviveerieennne. 33
3.2.7 Conventional PhenotypiC TESIS ......ccocviiiiiii i 34
3.3 ReSUItS anNd AISCUSSION .coeoeieiieeeeee e 35
3.3, L PCR @MPLICONS ..o 35
3.3.216S rRNA gene SeqUENCE analySiS ........uuuiiiiieeeiiiiiiiiiiei e eee et e e e e e eeaaaas 35
3.3.3 PhylogenetiC analySiS...........uuiiiiiiiiiiiiiiee e 37
3.3.4 Phenotypic differentiation: BIOLOG™ Omnilog Gen Ill..........coccvveeiveeeiieeennnen. 44
3.3.5 Phenotypic differentiation: Conventional phenotypic tests .........cccceeeevviiviininnnnn. 46
G0 N @0 o3 LT = T 1 o 1= PSR 51
4. The determination of the spoilage characteristics of Chryseobacterium strains
(Yo Y E=a=To I o]0 0 10 11 52
g O 1 4 Yo [0 Yo o1 I 52
4.2. Materials and MethodS ......ouuueiiiii e 54
4.2.1 Cultures used and their MaiNtENaNCE ............covviiiiiiii e 54
4.2.2 Utilisation of carbon sources for spoilage potential determination..................... 54
4.2.3 Preparation of the fish juice broth for sensory analysis.............cccccoevviviieennenn. 54
4.2.4 SENSONY ANAIYSIS ... .ceiiiieieicee e 55
4.2.5 Determination of volatile COMPOUNS.............uuuuuiiiiiiiiiiiiiiiiiiiiieeeeeee 56
4.2.6 StatistiCal @NAlYSIS ........couuiiiiii i 57
4.3 ReSUILS and DiSCUSSION c.iiiiiiiiii ittt e e e e e e e e e e e e eaaaaaaaaeeaes 57
4.3.1 Estimation of spoilage by substrate oxidation .............cccceuvviiiiiieeriiiiiciiee e, 57
4.3.1.1 Oxidation of carbonydrates...........ooooeeeiiiiiieeee e 57
4.3.1.2 Oxidation of amino @CidS .........ccoeeeeieeeeieee e 59
4.3.1.3 Oxidation of carboxylic acids and esters..........cccccccvvieeeiiiieiiiiiiiieeee e, 60
4.3.1.4 Oxidation Of POIYMEIS .......ccoiiiieeeeee e 61
4.3.2 SENSOMY ANAIYSIS ... eeeieeeiieie et e et a e 63
4.3.3 Volatile compound determination ..............cooveieieiiiiie e 69
o o ] Yo 1T 1] e 1 93
5. General discussions and CONCIUSIONS ....oooiiiiiiiiiiii e 94

(ST R I L= (=] A Lo TP 100



AKNOWLEDGEMENTS

| would like to direct my genuine appreciation and gratitude to the following persons
and institutions for their assistance in the accomplishment of this study:

Firstly, and foremost, God Almighty for giving me the strength, wisdom, persistence and ability
to complete this study,

My Supervisor, Prof. C.J. Hugo, for her unlimited persistence and supervision throughout this
study, for her guidance and encouragement. Her guidance, motivated and gave me strength

to carry on, in all the time of the research and writing of the thesis.

Dr. A. Jansen, my co-supervisor for her willingness to travel from far to offer her guidance,

assistance and thoughtful remarks.
Dr. M. Gryzenhout, my co-supervisor, for her introduction to MEGA and Genious lectures.
Prof. A. Hugo, for his outstanding assistance with statistical analysis.

Dr. C. Bothma together with Mrs. L. Van der Walt and Mrs. C. Hills, for their assistance with
the sensory analysis.

Ms. A. LumNde for her incredible assistance with phylogenetic analysis, offering me her notes,
her time, opinion, support and for always being there to provide appropriate and insightful

comments.

Dr. W. Van der Westhuizen for his assistance with molecular techniques.

The Veterinary Biotechnology lab, Department of Microbial, Biochemical and Food
Biotechnology, University of the Free State, for the use of their facilities and equipment.

Mr. S. Marais, for his assistance with SPME GC/MS analysis;

The National Research Foundation for financial support throughout the course of this study.

National
Research
RF | Foundation

The Post Graduate School (UFS) for financial assistance.

Lastly, my family, and friends for their motivation, advice, moral support, simplest words of

comfort and for believing in me.



LIST OF TABLES

Table Title Page
Table 2.1 Chryseobacterium species isolated from a variety of food except fish. 12
Table 2.2 Chryseobacterium species isolated from fish. 15
Table 3.1 The 11 unidentified yellow-pigmented, Gram-negative bacterial 31
strains isolated from fresh South African marine fish (Engelbrecht
1992) which were used in this study.

Table 3.2 Reference strains used for the automated and conventional 31
phenotypic methods. NCTC, National Collection of Type Cultures;
CCUG, Culture Collection, University of Géteborg.

Table 3.3 GenBank BLAST results for 16S rRNA gene sequences for all the 38
11 test strains.

Table 3.4 Phenotypic identification of the 11 isolates and three reference 45
strains using the BIOLOG™ Omnilog Gen Ill identification system.

Table 3.5 Growth characteristics of the 11 Chryseobacterium isolates and the 47
reference strains at different temperatures.

Table 3.6 Growth characteristics of the 11 Chryseobacterium isolates and the 48
reference strains on different growth media.

Table 3.7 Growth characteristics of the 11 Chryseobacterium isolates and the 49
reference strains at different salt concentrations.

Table 3.8 Production of enzymes and odours of the 11 Chryseobacterium 50
isolates and the reference strains

Table4.1a Heat map of the carbohydrate metabolism of the 11 58
Chryseobacterium isolates and the reference strains indicating
spoilage potential according to BIOLOG™ substrate oxidation

Table 4.1b  Heat map of the amino acid metabolism of the 11 Chryseobacterium 60
isolates and the reference strains indicating spoilage potential
according to BIOLOG™ substrate oxidation

Table 4.1c Heat map of the carboxylic acid metabolism of the 11 61

Chryseobacterium isolates and the reference strains indicating

spoilage potential according to BIOLOG™ substrate oxidation.



Table 4.1.d

Table 4.2
Table 4.3
Table 4.4

Table 4.5

Table 4.6

Table 4.7

Heat map of the polymer metabolism of the 11 Chryseobacterium
isolates and the reference strains indicating spoilage potential
according to BIOLOG™ substrate oxidation.

Demographic profile of sensory panel.

Analysis of variance on degree of spoilage at 4 °C and 25 °C
Frequency of descriptions of odour in fish juice samples by 10
semi-trained panellists at 4 °C and 25 °C.

A list of all the detected volatile compounds produced by the
Chryseobacterium strains in this study, and their possible
descriptive odours.

Peak area values in terms of concentration of compounds detected
in Chryseobacterium isolates cultured in fish juice broth incubated at
25 °C.

Peak area values in terms of concentration of compounds detected
in fish juice media samples inoculated with Chryseobacterium

isolates incubated at 4 °C.

62

63
64
65

70

74

78




LIST OF FIGURES

Figure Title Page
Figure 2.1 lllustration of some of the currently used taxonomic techniques 16
Figure 3.1 Electropherogram of the ~1500 bp PCR products of the 16S rRNA 35
regions of the 11 isolates.

Figure 3.2 Phylogenetic analysis of the 11 Chryseobacterium strains isolated from 42
fish by the neighbour-joining method.

Figure 3.4 Phylogenetic analysis of the 11 Chryseobacterium strains isolated from 43
fish by the maximum likelihood method.

Figure 4.1a A stacked column diagram of volatile compounds 1-22 produced by the 83
Chryseobacterium strains in this study incubated at 4 °C.

Figure 4.1b A stacked column diagram of volatile compounds 1-22 produced by the 84
Chryseobacterium strains in this study incubated at 25 °C.

Figure 4.2a A stacked column diagram of volatile compounds 23—44 produced by the 87
Chryseobacterium strains in this study incubated at 4 °C

Figure 4.2b A stacked column diagram of volatile compounds 23—44 produced by the 88
Chryseobacterium strains in this study incubated at 25 °C.

Figure 4.3a A stacked column diagram of volatile compounds 45-66 produced by the 89
Chryseobacterium strains in this study incubated at 4 °C

Figure 4.3b A stacked column diagram of volatile compounds 45-66 produced by the 90
Chryseobacterium strains in this study incubated at 25 °C

Figure 4.4a A stacked column diagram of volatile compounds 67—87 produced by the 91
Chryseobacterium strains in this study incubated at 4 °C

Figure 4.4b A stacked column diagram of volatile compounds 67—87 produced by the 92

Chryseobacterium strains in this study incubated at 25 °C




°C

ANOVA

CO;
DNA

DDH

Ed(s)
e.g.
et al.

etc.

Fig.

FJB

GC/MS
G+C

GN

H.S
kg
MCA
min

mg

LIST OF ABBREVIATIONS

Degrees Celcius
Analysis of Variance
Chryseobacterium
Carbon dioxide
Deoxyribonucleic acid
DNA-DNA hybridization
Elizabethkingia
Editor(s)

For example

(et alii) and others

Et cetera
Flavobacterium
Figure

Fish juice broth

gram

Gas chromatography and/ Mass spectrometry
Guanine plus cytosine
Gram-negative

Hour

Hydrogen sulphide
Kilogram

MacConkey agar
Minute

Milligram



ml

mm

Mol

NaCl
Mol%

NA

NCTC

ND

PCR

PFGE

pp

RAPD

RFLP

rRNA

sec

SOS

sp.

SPCA

TBC

Tm

™

TSA

R2A

wi/v

Millilitre
Millimetre
Mole

Sodium chloride

Mole percentage
Nutrient Agar

National Collection of Type Cultures, Central Public Health Laboratory,

London, United Kingdom

Not detected

Polymerase chain reaction

Pulsed-field gel electrophoresis

Page(s)

Randomly amplified polymorphic DNA
Restriction fragment length polymorphism
Ribosomal Ribonucleic Acid

Second(s)

Specific Spoilage Organisms

Species or unknown/unidentified/unspecified species
Standard plate count agar

Total bacteria count

Melting temperature

Trade mark

Trypticase soy agar

Reasoners2 agar

Microlitre

Weight per volume

vi



Abstract

The genus Chryseobacterium was initially reported to have only six species and the number
has increased rapidly over the years. The genus is represented by a total of 113 species at
present. Species belonging to the genus Chryseobacterium are widespread in nature. They
have been reported from clinical, environmental, industrial and food sources. Their spoilage
characteristics have been well defined in food products including poultry, meat, milk and milk
products and fish. Development of unpleasant odours in food contaminated by

Chryseobacterium species usually results from the activity of proteolytic enzymes.

The first aim of this study was to classify 11 potential Chryseobacterium fish isolates from a
previous study. The methods that were used included 16S rRNA gene sequence analysis,
conventional phenotypic methods and the BIOLOG™ Omnilog identification system.
Chryseobacterium balustinum, C. gleum and C. piscium were used as reference strains
throughout the whole study. Phylogenetic analysis based on 16S rRNA gene sequences
indicated that the 11 Chryseobacterium isolates represented members of the genus
Chryseobacterium. The highest similarity were obtained for C. piscium by strains SH 23-4
(98.89%), SH 28-3 (100%) and SH 30-1 (100%) and it was therefore concluded that these
three strains could be other strains of C. piscium. This finding was confirmed by the
phylogenetic treeing methods used in this study because the three strains clustered closely
with C. piscium. Strains SH 11-3(a), SH 11-3(b), SH 20-4, SH 25-4, SH 40-3, SH 19-2(b) and
SH 11-4(b) had sequence similarity values lower than 98.7%, it is therefore a possibility that
these strains might be novel species of Chryseobacterium, however, further investigations
need to be performed for confirmation. The BIOLOG™ Omnilog Gen Il identification system
and conventional phenotypic methods were also useful in classification. The BIOLOG™
Omnilog was also able to identify strains SH 23-4, SH 28-3 and SH 30-1 as possible strains
of C. piscium. The other strains could not be identified because of its limited database.

The second aim of this study was to estimate the spoilage potential of the 11
Chryseobacterium isolates by determining their spoilage potential in terms of substrate
oxidation by the BIOLOG™ Omnilog system. The results indicated that all the isolates could
be potential fish spoilers, however, strains SH 11-4(b) and SH 23-4 were able to oxidise the
most of the carbon sources (25/31) and could be regarded as being able to cause the most

spoilage.

Sensory analysis of inoculated FIB samples did not show significant differences in terms of
odour production, however, odours such as smelly feet, cabbage-like, fruity, sour and putrid

sewage were noted for the 11 Chryseobacterium isolates and their reference strains.



Chryseobacterium species were able to produce a total of 87 volatile compounds in fish juice
broth (FJB) at 4 and 25 °C. The composition of the volatile compounds detected was, however,
slightly higher for samples that were incubated at 25 °C than at 4 °C. The frequently detected
compounds occured in FIB samples containing C. gleum and strain SH 30-1 and the least
detected compounds occurred in FIB samples containing strains SH 19-2(b) and SH 11-4(b).
The frequently produced compounds with more pronounced odours were identified as 2-ethyl-
1-hexanol, indole, dimethyl disulphide and 2-phenylethanol. FIJB samples inoculated with
strains SH 30-1, SH 28-3, SH 25-4 had the majority of volatile compounds associated with
unpleasant odours, such as fishy from trimethylamine; spoiled, putrid from dimethyl sulphide;

and faecal, nauseating from indole.

It was concluded that 7/11 Chryseobacterium strains in this study could be novel
Chryseobacterium species. Sensory analysis and Gas-Chromatrography/Mass-Spectrometry
were useful in estimating the spoilage potential of the Chryseobacterium species through
odour production. The BIOLOG™ system can be used as an effective screening method for
identifying the carbon sources utilised by the Chryseobacterium species which could then be
investigated further for the potential of these starins to cause food spoilage. Chryseobacerium
species used in this study have the potential to spoil fish and/other fish products because of

their psychrotolerant and proteolytic nature.

Keywords: Chryseobacterium, taxonomy, fish spoilage, sensory analysis, volatile production



CHAPTER 1

Introduction

Fish is a high-protein, low-fat food that provides extensive health benefits to human beings
and therefore serves as a vital part of the human diet as human bodies are unable to produce
significant amounts of essential nutrients (Engelbrecht 1992). Fish however, provides an
outstanding growth medium for a majority of microorganisms as it contains nutrients required
for their growth (Engelbrecht 1992). About 30% of fish are lost due to the activity of spoilage
microorganisms globally (Ghaly et al. 2010; Kuley et al. 2017). Heading and gutting of fish
directly after capture is the prime cause of the contamination with psychrotolerant spoilage
bacteria (Engelbrecht 1992).

Psychrotolerant bacteria are bacterial species which are capable of growing below 7 °C
regardless of their optimum growth temperature (Champagne et al. 1994). Psychrotolerant
bacteria, specifically Gram-negative rods such as Pseudomonas, Alteromonas,
Flavobacterium/Chryseobacterium, Moraxella, Acinetobacter and Vibrio are mainly
responsible for limiting the quality of fish, however, not all bacteria that are found on fish can
be regarded as active spoilers (Cousin 1982; Engelbrecht 1992). Active spoilers are those
organisms that have proteolytic activity, are able to produce off-odours and flavours, hydrogen
sulphide (H.S) and/or can reduce trimethylamine oxide (TMAO) to trimethylamine (TMA)
(Wekell and Barnett 1991; Engelbrecht 1992).

Chryseobacterium species are widely distributed in food and food-related sources, water, soil,
clinical, environmental and other sources (Jooste and Hugo 1999; Bernardet and Nakagawa
2006). The genus Chryseobacterium comprises of cold-tolerant and proteolytic spoilage
bacteria that are commonly isolated from food (Hugo et al. 2003; de Beer et al. 2005, 2006;
Charimba et al. 2013). Chryseobacterium balustinum (Harrison 1929; Vandamme et al. 1994),
C. piscium (de Beer et al. 2006), C. piscicola and C. scophthalmum (Mudarris et al. 1994,
Vandamme et al. 1994) are examples of Chryseobacterium species isolated from fish.
Chryseobacterium balustinum was isolated from fresh halibut (Hippoglossus hippoglossus)
and produced a yellowish slime, and was consequently treated as a spoilage agent rather than

a pathogen (Austin and Austin 1999).

When comparing Chryseobacterium species with other well-known spoilage organisms such
as Pseudomonas, it was reported that Chryseobacterium joostei showed greater spoilage
abilities than Pseudomonas fluoresences based on their lipolytic and proteolytic activity and

sensory analysis in terms of odour (Bekker 2011; Bekker et al. 2015, 2016).



In a study of Engelbrecht (1992) at the University of the Free State, several yellow-pigmented
bacteria were isolated from Cape marine fish. Many of these bacteria were identified as
members of the Flavobacteriaceae family (Engelbrecht et al. 1996a) and some of these
isolates produced H.S and hydrolyzed several substrates such as casein and gelatine which
are spoilage indicators (Engelbrecht et al. 1996b). Later, in 2006, some of these isolates were
identified as a new species, Chryseobacterium piscium, which was proposed to be a spoilage
organism because of the activities of the enzymes urease and phenylalanine deaminase (de
Beer et al. 2006). Several of these flavobacterial isolates, however, remained unidentified and
their role in food spoilage, specifically fish spoilage, were also unknown.

For any organism to be identified, the taxonomy of the organism needs to be studied first.
Taxonomy is the concept and practice of classifying organisms (Prakash et al. 2007). The
methods that have been used to classify and identify microorganisms include molecular-based
analysis, conventional methods and automated biochemical analysis (Morgan et al. 2009).
The modern identification methods are as a result of the development in molecular biology,
unravelling the structure and function of microorganisms (Khatib et al. 2014). These methods
are more productive and time effective for microbial identification in comparison to traditional
methods of detection (Senthilraj et al. 2016).

Food spoilage is associated with modifications in the physical properties of food that are
unpleasant and unacceptable to the consumer (Ayres et al. 1980). Food spoilage results from
microbial, chemical or mechanical activity (Ayres et al. 1980). Microbial spoilage is, however,
the major source of deterioration of delicate food, which manifests as growth, changes in

texture or in the form of off-odours and off-flavours.

Appearance, texture, odour, and taste are the main quality parameters for fish freshness
directly linked to the sensory characteristics observed by consumers (Hassoun and Karoui
2017). Freshness is a critical measure for quality of the seafood products, since factors, such
as rigor mortis, autolysis processes, and microbiological spoilage after death have a negative

impact on it (Cheng and Sun 2014). Sensory evaluation is required to differentiate between
products with distinct flavours (Kriisemann et al. 2019). Sensory analysis and GC/MS are
methods that are used to evaluate characterising flavours and odours in food products
(Kriisemann et al. 2019). Sensory expert panels are usually used to measure sensory product

characteristics while consumer panels are used to examine consumers’ perceptions and

reactions to product characteristics (Rees et al. 2009).

Purpose and objectives of this study



Purpose:

Several bacterial isolates belonging to the genus Chryseobacterium were previously isolated
from fish in a study in the Food Science section of the UFS (Engelbrecht 1992). However, they
were not identified to species level and it is not known whether they can spoil fish. This study
will therefore firstly classify and identify these bacterial isolates. Secondly, determine their
spoilage characteristics by using the BIOLOG™ system, sensory and GC analysis. This study
will therefore offer essential information on the spoilage capability of these bacterial isolates
and the effect they may have on the quality of food, specifically fish products. The results
attained from this study will also expand the existing information available on the role of

Chryseobacterium in the microbial ecology of food spoilage.

Objectives:

l. To classify the 11 Chryseobacterium fish isolates by using 16S rRNA gene
sequence analysis, conventional phenotypic tests and the BIOLOG™ Omnilog Gen

Il identification system.

Il. Estimation of spoilage characteristics of the Chryseobacterium strains by

determination of odour production by employing sensory analysis.

Il Estimation of spoilage characteristics by determination of the production of volatile
compounds by the Chryseobacterium strains by using GC/MS analysis.



CHAPTER 2

Classification and Spoilage Characteristics of
Chryseobacterium species — A Review

2.1 INTRODUCTION

Taxonomy plays a vital role in the nomenclature, identification and classification of
microorganisms. Previously, microrganisms were classified based on phenotypic qualities
such as form, colony colour, cell size, staining properties, motility, host range and
pathogenicity (Prakash et al. 2007). Taxonomists later developed polyphasic methods for the
description and classification of new taxa which entailed the use of conventional, phenotypic,
chemotypic and genotypic methods. Genotypic methods focusing on DNA or RNA molecules
dominate modern taxonomy (Vandamme et al. 1996).

Growth of microorganisms in foods cause spoilage by the production of unacceptable changes
that have a negative influence on the overall sensory characteristics. The ability of
Chryseobacterium species to produce proteolytic enzymes enhances their spoilage potential;
however, methods such as sensory analysis and GC/MS analysis of the volatile compounds
assist in investigating spoilage in terms of odour. Psychrotolerant bacteria, specifically Gram-
negative rods such as Pseudomonas, Alteromonas, Flavobacterium/Chryseobacterium,
Moraxella, Acinetobacter and Vibrio are mainly responsible for limiting the quality of fish,
however not all bacteria that are found on fish can be regarded as active spoilers (Cousin
1982; Engelbrecht 1992). Chryseobacterium species that have been isolated from fish include
Chryseobacterium scophthalmum (Mudarris et al. 1994), Chryseobacterium shigense
(Zamora et al. 2012c), Chryseobacterium piscium (de Beer et al. 2006) and Chryseobacterium
piscicola (llardi and Avendafio-Herrera 2008; llardi et al. 2009).

Sensory analysis and GC/MS are methods that could be used to assess characterising
flavours and odours in food products (Kriisemann et al. 2019). The BIOLOG™ system can be
used to assess spoilage potential of microorganisms by evaluating the substrates that
organisms can oxidise. These tests assist with estimating the spoilage potential of
microorganisms, particularly, their ability to produce metabolites causing off-odours or off-
flavours (Dalgaard 2000; Gram and Dalgaard 2002). Sensory analysis of seafood is a critical
tool used by the Federal Drug Administration (FDA) to protect customers from seafood that
has been contaminated due to putrefaction (ORA Laboratory Manual 2013), while gas

chromatography (GC) and mass spectrometry (MS) can be used to estimate food spoilage in



terms of odour, detecting volatile compounds likely to result in off-odour production (Bekker
2011).

The aims of this literature review will be to give a brief historical overview of the taxonomy of
the genus Chryseobacterium and the family Weeksellaceae; then to give a taxonomic
description of the genus Chryseobacterium; the ecology of this genus will be indicated and the
focus will be on food sources, especially fish sources; taxonomic methods used to classify and
identify bacterial organisms will be discussed; spoilage characteristics of Chryseobacterium
will be detailed in terms of lipolytic and proteolytic activities and then sensory analysis and gas
chromatography-mass spectrometry will be discussed as methods to determine spoilage
characteristics of Chryseobacterium species. The results obtained from this study will
therefore broaden the current knowledge available on the role of Chryseobacterium species

in the microbial ecology of food spoilage.

2.2 THE GENUS Chryseobacterium

2.2.1 Historical Overview

The genus Chryseobacterium belongs to the family Weeksellaceae, the kingdom Bacteria,
phylum Bacteroidetes, class Flavobacteria and order Flavobacteriales (Garcia-Lopez et al.
2019). However, since 1994 when this genus name was suggested, until 2019, the genus
belonged to the Flavobacteriaceae family coined by Jooste (1985) and validated in 1992
(Reichenbach 1992).

The genus Chryseobacterium was originally recommended by Vandamme et al. (1994) to
contain six species which were previously classified as Flavobacterium. [Flavobacterium]
balustinum, [F.] gleum, [F.] indologenes, [F.] indoltheticum, [F.] meningosepticum and [F.]
scophthalmum were the six original isolates that were transferred to the genus
Chryseobacterium. Chryseobacterium gleum was selected as the type species as it was well
characterised and its genotypic and phenotypic relationships were known (Vandamme et al.
1994).

[Chryseobacterium] meningosepticum, previously identified as [Flavobacterium]
meningosepticum, is the species most commonly described as a human pathogen in the
genus Chryseobacterium, and was originally defined for a case of neonatal meningitis by
Elizabeth King in 1959. The 16S rRNA gene sequence similarity studies, however, revealed

that [C.] meningosepticum can be readily differentiated from other Chryseobacterium species



and therefore resulted in its transfer to a new genus called Elizabethkingia. It is now referred

to as Elizabethkingia meningoseptica (Kim et al. 2005b).

The genus Chryseobacterium currently consists of about 113 species with validly published
names including the not validly published “Chryseobacterium proteolyticum” (Euzéby 2019).
The number of species is expected to increase as several bacteria phylogenetically related to
members of the genus Chryseobacterium will be reported from investigations of various

environments.

2.2.2 The description of Chryseobacterium species

Chryseobacterium species are straight, single, Gram-staining-negative rods with rounded
ends, which are typically about 0.5 um in width and their length varies, often about 1-3 pm.
The cells are filamentous and they do not form endospores (Shimomura et al. 2005). Their
colonies are pale to bright yellow due to the production of flexirubin-type pigments (Vandamme
et al. 1994). They are non-motile and non-gliding in nature. They are strictly aerobic.
Chryseobacterium species are chemo-organotrophic, meaning they acquire energy from the

metabolism of organic compounds.

Growth of environmental isolates is most often at 5 °C. Growth occurs for all strains at 15-30
°C, and some grow up to a temperature of 37 °C, however, clinical isolates do not grow at 5
°C, but grow at 15-37 °C and there are also a few that grow at up to 42 °C (Vandamme et al.
1994; Bernardet et al. 2002, 2006; Kampfer et al. 2003). Growth occurs on the standard
commercial media, and no growth factors are needed. Several species also grow in media
containing 3-5% NaCl. They are catalase and oxidase positive and most strains are
unaffected by a wide variety of antimicrobial agents (Vandamme et al. 1994; Bernardet et al.
2011; Hugo et al. 2019).

The members of the genus Chryseobacterium are not difficult to isolate and cultivate; they
usually do not require growth-promoting supplements and they grow at ambient temperatures
(Bernardet et al. 2011). The isolation of Chryseobacterium strains from freshwater fish,
however, is best when tryptic soy or nutrient agars are used (Bernardet et al. 2005) and
cultivation of marine fish isolates, is best on brain heart infusion, glucose-yeast extract, marine
2216E, or nutrient agars (de Beer et al. 2006).

An extended incubation period of some species in the genus results in the production of
extracellular slimy constituents which may result in slimy colonies (Vandamme et al. 1994).

The ability of some members of the genus Chryseobacterium to produce proteases (gelatin



and casein degrading proteases) are considered a major virulence factor (Bernardet et al.
2006).

The production of acid from glucose, indole production and the hydrolysis of starch varies
between the Chryseobacterium species (Bernardet et al. 2002; de Beer et al. 2005; Kim et al.
2005a). The G+C content varies between 28.8-49.3 mol% G+C (Hugo et al. 2019).

2.2.3 Ecology

Chryseobacterium species have been procured from clinical, environmental, industrial and
food sources. These sources will now be discussed in more detail and emphasis will be on

the food sources, especially the fish sources.

2.2.3.1 Clinical sources

Chryseobacterium species are widely distributed in hospital environments and may end up on
the patients’ outer and inner body surfaces. Human’s normal microbiota, however, do not

contain Chryseobacterium species (Holmes and Owen 1981).

Chryseobacterium species can cause infections of the respiratory tract and urinary tract in
patients with a compromised immune system and have been found to be tolerant to a variety
of antimicrobial agents (Bernardet and Nakagawa 2006; Bernardet et al. 2011).
Chryseobacterium indologenes and C. gleum are species that have been linked with infections
in humans (Bernardet et al. 2005). Chryseobacterium indologenes have been involved in

infections of new-borns (Bernardet et al. 2005).

Chryseobacterium gleum has been isolated from several human clinical samples (Holmes et
al. 1984). Chryseobacterium indologenes was originally isolated in the course of a post-
mortem in a human trachea and ever since the organism has been isolated, multiple times, in
burn wounds. Chryseobacterium indologenes have caused bacteraemia in a diabetic child
(Cascio et al. 2005).

Eight strains of C. anthropi were isolated from various clinical origins, four isolates were
recovered from the blood of a hospitalized patient, and the remaining four were isolated from
a bite wound, finger abscess, lung biopsy and urethra, respectively (Kampfer et al. 2009).
Chryseobacterium bernardetii, C. carnis and C. nakagawai were among the 182

phenotypically similar isolates that were assessed by DNA-DNA reassociation and 16S rRNA



gene sequence analysis originating from clinical samples (Holmes et al. 2013).
Chryseobacterium hominis was recovered from a Belgian patient's blood in 1998
(Vaneechoutte et al. 2007) while C. treverense was isolated from human blood from Trier in

Germany (Yassin et al. 2010).

2.2.3.2 Environmental sources

Several members of the genus Chryseobacterium have been isolated from soil and soll
samples which includes “C. proteolyticum” (Yamaguchi and Yokoe 2000), C. taichungense
(Shen et al. 2005), C. taiwanense (Tai et al. 2006), C. wanjuense (Weon et al. 2006), C. flavum
(Zhou et al. 2007), C. jejuense , C. soli (Weon et al. 2008), C. vietnamense (Li and Zhu 2012),
C. solincola (Benmalek et al. 2010), C. shandongense (Yang et al. 2015), C. solani (Du et al.
2015), C. arachidis (Kampfer et al. 2014a), C. artocarpi (Venil et al. 2014) and C. frigidum (Kim
et al. 2016). Chryseobacterium ginsengisoli was isolated from a soil sample that was
recovered from the roots of ginseng (Nguyen et al. 2013) and C. arachidiradicis and C.
geocarposphaerae from the soil around very immature peanuts (Kampfer et al. 2014a,
Kampfer et al. 2015a).

Chryseobacterium species have also been isolated from marine, freshwater and lake
sediments. Chryseobacterium yonginense was isolated from a mesotrophic lake (Joung and
Joh 2011), C. daecheongense from a freshwater lake sediment (Kim et al. 2005a), C. piperi
from a fresh water creek (Strahan et al. 2011), C. taihuense from an eutrophic lake (Wu et al.
2013), C. rigui from the estuarine wetland of the Han River (Park et al. 2013) and C.
aurantiacum from fresh water of a diseased farmed Murray cod (Luo et al. 2018). Other
species have been found in watery environments such as C. indoltheticum which has been
isolated from marine mud, C. aquaticum from a water reservoir (Kim et al. 2008), C.
aquifrigidense from a water-cooling system (Park et al. 2008), C. hispanicum from drinking
water (Gallego et al. 2006) and C. angstadtii from a newt tank (Kirk et al. 2013).

Some species, such as C. formosense (Young et al. 2005), C. luteum (Behrendt et al. 2007),
C. soldanellicola and C. taesanense (Park et al. 2006) have all been isolated around the roots
of growing plants. Chryseobacterium camelliae was isolated from green tea (Kook et al. 2014),
C. elymi, C. hagamense, C. lathyri and C. rhizosphaerae were all isolated from the rhizosphere
of coastal sand dune plants (Cho et al. 2011). Chryseobacterium gregarium on the other hand
was recovered from decaying plant matter (Behrendt et al. 2008) while C. hispalense is a

plant-growth-promoting bacterium isolated from a rainwater pond in an olive plant nursery
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(Montero-Calasanz et al. 2013). The impact of Chryseobacterium species in these

environments has not been investigated (Hugo et al. 2019).

2.2.3.3 Industrial Sources

Chryseobacterium defluvii was isolated from a wastewater treatment plant (Kampfer et al.
2003), while C. caeni was isolated from bioreactor sludge (Quan et al. 2007), C. limigenitum
from dehydrated sludge (Kampfer et al. 2015d) and C. daeguense from waste water from
textile dye works (Yoon et al. 2007). Chryseobacterium humi and C. palustre were both
isolated from industrially polluted sediments (Pires et al. 2010). Chryseobacterium
taichugense was isolated from soil contaminated with tar (Shen at al. 2005), while C.
nepalense was isolated from oil contaminated soil (Chaudhary and Kim 2017).
Chryseobacterium hungaricum (Szoboszlay et al. 2008) and C. solincola (Benmalek et al.
2010) were both isolated from hydrocarbon-contaminated soil. The significance of these
species at these particular sites is, however, still unknown. Some strains of Chryseobacterium
have been shown to be involved in the degradation of various toxic compounds such as
pentachlorophenol (PCP) (Yu and Ward 1996).

2.2.3.4 Food and food-related sources

Chryseobacterium species are widely distributed in food sources such as milk, fish, meat and
poultry (Hugo et al. 2003; de Beer et al. 2005, 2006; Charimba et al. 2013). Table 2.1 indicates
the Chryseobacterium species that have been isolated from food and food-related sources.
The fish sources will be discussed in the next section (2.2.3.5).
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Table 2.1: Chryseobacterium species isolated from a variety of food except fish.

Type of food Species Source Reference
Dairy C. bovis Cow’s raw milk Hantsis-Zacharov et al.
sources . . 20086‘.
C. haifense Cow’s raw milk Hantsis-Zacharov et al.
2007a
C. halperniae Cow’s raw milk Hahnke et al. 2016
C. gleum Dairy environments Holmes et al. 1984
C. joostei Raw milk Hugo et al. 2003
C. lactis Milk Holmes et al. 2013
C. oranimense Cow’s raw milk Hantsis-Zacharov et al.
2008b
C. indologenes Raw milk Yabuuchi et al. 1983
Meat and C. vrystaatense Raw chicken de Beer et al. 2006
Poultry C. carnipullorum Raw chicken portion Charimba et al. 2013
C. gallinarum Chicken Kampfer et al. 2014b
Water C. aquaticum Water reservoir in Korea Kim et al. 2008
C. lineare Fresh water stream Zhao et al. 2017
C. marinum Sea water Lee et al. 2007
C. piperi Fresh water creek Strahan et al. 2011
C. sediminis River sediment Kampfer et al. 2015b
C. taihuense Eutrophic lake Wu et al. 2013
C. yonginense Mesotrophic artificial lake ~ Joung and Joh 2011
C. hispanicum Drinking water distribution Gallego et al. 2006
system
Beer-bottling C. gambrini Steel surface from a beer Hertzog et al. 2008
Plants bottling plant
C. pallidum Steel surface from the plant Hertzog et al. 2008
C. ureilyticum Steel surface from a beer Hertzog et al. 2008
bottling plant
C. molle Steel surface from a beer Hertzog et al. 2008
bottling plant
Soil and C. formosense Rhizophere of garden Young et al. 2005
rhizophere of lettuce
Edible C. cameliae Leaves of green tea Kook et al. 2014
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Plants

C.

“C. proteolyticum”

oleae

Olive tree

Soil of arice field

Montero-Calasanz et al.
2014
Yamaguchi and Yokoe
2000

C. rhizoplanae Rhizoplane of sweet corn  Kampfer et al. 2015¢

C. shandongense  Soil Yang et al. 2015

C. solani Eggplant rhizosphere soll Du et al. 2015

C. soldanellicola Roots of sand-dune plants Park et al. 2006

C. taeanense Roots of sand-dune plants Park et al. 2006

C. taiwanense Farmland soil in Taiwan Tai et al. 2006

C. takakiae Takakia lepidozioides Zhao et al. 2015

C. wanjuense Greenhouse soll Weon et al. 2006

Other C. shigense Lactic acid beverage Shimomura et al. 2005

sources C. balustinum Potatoes Krechel et al. 2002

C. cucumeris Cucumber Jeong et al. 2017

C. endophyticum Maize leaf Lin et al. 2017

C. kwanjueense Pepper (Capsicum Sang et al. 2013

annuum L.) root

C. indologenes Sugar beet leaves Beattie 2006

2.2.4.5 Fish sources

Chryseobacterium isolates are prevalent in water environments. They are most of the times
Niswati et al. (2005)

described strains from the bacterial communities on the surface of freshwater micro-

recovered from the external or the interior parts of marine animals.

crustaceans, they were also isolated in a study led by Winters and colleagues in 2015 of the
benthic amphipod Diporeia in the Great Lakes and from the microflora of amoebae. Two ultra-
small Chryseobacterium strains from Lake Baikal (Russia) colonized the surface of Bacillus

subtilis cells (Suzina et al. 2011).

Chryseobacterium species form part of the microorganisms found on the skin of newts
regardless of the significant amount of harmful substances in the mucus (Vences et al. 2015).
Their presence at the surface of lake sturgeon (Acipenser fulvescens) eggs before sterilization

was also reported (Chalupnicki et al. 2015). A study that was conducted by Kan et al. (2015)
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on the shift of the gut microbial community after exposing goldfish (Carassius auratus) to the
herbicide pentachlorophenol, showed that Chryseobacterium strains were amongst the
bacterial isolates in the gut. It was also shown in a study conducted by Ringg et al. (2006) that
Chryseobacterium species form a central part of bacteria in the gastrointestinal tract of fish

served soybean meal.

Some Chryseobacterium species linked with fish include C. arothri, which was recovered from
the kidneys of a pufferfish (Campbell et al. 2008). Chryseobacterium balustinum was isolated
from marine fish (Harrison 1929; Bergey and Breedt 1948; Engelbrecht et al. 1996a, 1996b),
and four strains of C. piscium were isolated from fish caught in the South Atlantic Ocean near
South Africa (de Beer et al. 2006). Chryseobacterium balustinum, C. gleum and C.
indologenes strains which were isolated from Cape marine fish of South Africa exhibited wide-
ranging proteolytic activities and therefore may be responsible for proteolytic spoilage of fish
products during initial cold storage (Engelbrecht et al. 1996b).

Chryseobacterium scopthalmum is associated with gill disease of fresh water and marine fish
(Mudarris et al. 1994), while C. joostei has been isolated from both milk (Hugo et al. 2003) and
fish (Bernardet et al. 2005). Chryseobacterium joostei was isolated from diseased fish,

however, it is not known if it was the cause of the pathogenesis (Bernardet et al. 2005).

Chryseobacterium species which have been isolated from fish sources and which were linked
to pathogenicity and/or spoilage of the fish, are indicated in Table 2.2.

2.3 Taxonomic techniques

Taxonomy is the principle and practice of classifying organisms (Prakash et al. 2007) and is
based on the nomenclature, classification and identification of organisms (Bisen 2014).
Nomenclature involves the naming of organisms based on the Linnaeus system developed by
Carl von Linné in the 18™ century (Bisen 2014). Classification is the systematic arrangement
of bacteria into groups (taxa) while identification is the act and outcome of assigning
unidentified organisms to a specific rank in a previously made classification system (Baron
1996, Bisen 2014).

The purpose of classification is to create homogeneous groups which comprise of progenies
of the nearest common ancestor (Prakash et al. 2007). Phylogeny is the process in which
lineages of organisms evolved by separation from a common ancestor and involves

phylogenetic and evolutionary framework (Sandle et al. 2013).
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Table 2.2: Chryseobacterium species isolated from fish.

Chryseobacterium Source Spoilage agent or Reference
Species pathogenic
C. aahli Brown trout (Salmo Facultatively Loch and Faisal 2014
trutta) pathogenic
C. arothri Pufferfish (Arothron Pathogenic Campbell et al. 2008
hispidus)
C. balustinum Diseased freshwater Pathogenic Harrison, 1929;

C. chaponense

C. indologenes

. joostei
. oncorhynchi

00

C. piscicola

C piscium
C. senegalense

C. scophthalmum

C. shigense
C. tructae

C. viscerum

fish

Farmed Atlantic
salmon

(Salmo salar)
Diseased yellow
perch

Diseased fish

Gills of rainbow trout
(Oncorhynchus
myKkiss)

External lesion of
salmonid fish
Healthy marine fish
Mouth of a lungfish

Gills of diseased
turbot (Scopthalmus
maximus)

Farmed rainbow
trout

Liver of diseased
rain bow trout

Gills of diseased
rainbow trout

Spoilage agent

Pathogenic

Spoilage agent
Pathogenic

Pathogenic

Spoilage agent
Pathogenicity
unknown
Pathogenic

Pathogenic
Pathogenicity

unknown
Pathogenic

Vandamme et al.
1994
Kampfer et al. 2011

Pridgeon et al. 2012

Bernadet et al. 2005
Zamora et al. 2012a

llardi et al. 2010
de Beer et al. 2006
Lo et al. 2016

Mudarris et al. 1994,
Vandamme et al.
1994

Zamora et al. 2012b

Zamora et al. 2012c

Zamora et al. 2012d

A comprehensive range of taxonomic studies of bacteria have increasingly substituted the

earlier dependence on morphological, biological, and biochemical classification (Vandamme

et al.1994). However, any species characterized according to phylogenetic comparisons must

demonstrate phenotypic uniformity (Wayne et al. 1987). Figure 2.1 shows the taxonomic

resolution of some of the currently used taxonomic techniques. The important taxonomical

techniques will now be discussed briefly:
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2.3.1 Genotypic methods

2.3.1.116S rRNA Gene Sequencing

The 16S rRNA gene sequence analysis has offered a foundation for studies of the regular
relationships between prokaryotes and its application-transformed classification (Kampfer
2010).

Technique

:

‘ Family
‘ Genus
‘ Species

Restriction fragment length pelymorphism (RFLP)
Low frequency restriction fragment analysis (LFRFA, PFGE)

Ribatyping

DHA amplification (AFLF, AP-PCR, rep-PCR, DAF, RAPD,
ARDRA)

Phage and baclariogin typing
Seralogical (monoeional, polyelonal) 1echniques

Zymograms (multilocus enzyme polymotphisem)

Total cellular protein alectropharetic patlerns
DHA-DNA hybridizations

%o GeC

IDNA-PCR

Chemalaxonamic markers (polyamines, guinones)
Cellular fatty acid fingarprinting (FAME])

Call wall strutture

Phenotype [clessical, AP, Biglog...)

FRMA saquencing

DNA probes

DHA sequencing

Fig. 2.1. lllustration of some of the currently used taxonomic techniques (Vandamme et al.
1996). AFLP, amplified fragment length polymorphism; AP-PCR, arbitrarily primed PCR;
ARDRA, amplified rDNA restriction analysis; DAF, DNA amplification fingerprinting; FAMEsS,
fatty acid methyl esters; LFRFA, low frequency restriction fragment analysis; LMW, low
molecular weight; PFGE, pulsed-field gel electrophoresis; RAPD, randomly amplified
polymorphic DNA; rep-PCR, repetitive element sequence-based PCR; RFLP, restriction
fragment length polymorphism; tDNA-PCR, transfer DNA intergenic spacer PCR; 1D, 2D, one

and two-dimensional, respectively.
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The 16S rRNA gene sequence has the benefit that it is widely distributed, highly conserved,
plays a fundamental role in protein synthesis, cannot be transferred horizontally and has an
evolution rate which characterizes a suitable level of differences between organisms
(Clarridge 2004). Organisms that have a 16S rRNA gene sequence similarity value of 97% or
more are classified as members of the same species (Tindall et al. 2010), but it is necessary
to compare several strains of a species because sequence similarities can differ up to 5%
between strains of the same species (Bernardet et al. 2002). Higher 16S rRNA similarity
values of 98.7-99.0% (Stackebrandt and Ebers 2006) and 98.2-99.0% (Meier-Kolthoff et al.
2013) have been recommended for species delineation. However, the 16S rRNA gene cannot
be used alone for species delineation among groups such as the chryseobacteria and
additional DNA-DNA reassociations are sometimes compulsory (Stackebrandt and Goebel
1994; Gillis et al. 2001).

After 16S rRNA sequencing, phylogenetic trees should be constructed. At least two methods
should be used when constructing a phylogenetic tree (Bernardet et al. 2002). The following
methods are available: maximum-likelihood, maximum-parsimony, unweighted pair group
method (UPGMA) and the neighbour-joining method. Maximum-parsimony uses sites that
contain at least two or more nucleotides or amino acids that are different while the UPGMA
method accepts that the rate of nucleotide and amino substitutions of all evolutionary lineages
are the same (Nei and Kumar 2000). A tree created through the maximum-likelihood method,
is first built using e.g., the neighbour-joining method then the data likelihood is maximized by
adjusting the branch lengths. The Nearest Neighbour Interchange (NNI) method is used to
create variants. Maximum-likelihood branch lengths are computed and only variants that have

the highest likelihood are retained (Nei and Kumar 2000).

The consistency of branching of the phylogenetic tree is proven through bootstrap analysis
(Bernardet et al. 2002) and when the bootstrap value of the interior branch has a value of 95%
or higher, only then can the topology of the branch be regarded as correct (Nei and Kumar
2000). The significance of the phylogenetic treeing method used will be enhanced if all the

related organisms are included in the phylogenetic tree (Bernardet et al. 2002).

Sequences of the 16S rRNA gene that are new should be incorporated into a database that is
well-known, e.g., GenBank, EMBL-EBI (European Bioinformatics Institute) and DDBJ (DNA
Data Bank of Japan) (Tindall et al. 2010). The organism’s description and accession number
should be included in the database. Confusion should be avoided by depositing the new 16S
rRNA gene sequences under the laboratory code or culture collection number rather than

using the binomial name of the organism (Bernardet et al. 2002). Another database,
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EzBioCloud, is a new database that contains16S rRNA gene and genome sequences of

Bacteria and Archaea (Yoon et al. 2017).

The 16S rRNA gene sequencing method, however, has some limitations when it comes to
interpretation, incomplete databases in some cases and the inability to assign a species for
organisms that have diverged recently. More comprehensive approaches e.g., whole-genome

sequencing are becoming more important (Land et al. 2015).

2.3.1.2 Pulsed Field Gel Electrophoresis (PFGE)

Pulse Field Gel Electrophoresis (PFGE) is a fundamental genotyping method utilised for the
separation of large DNA molecules after digestion with exclusive restriction enzymes (Sharma-
Kuinkel et al. 2016). The method offers a good illustration of the whole bacterial chromosome
in a single gel with a very high reproducible restriction profile (Sharma-Kuinkel et al. 2016).
This technique can resolve huge DNA fragments which are visualised by staining (Prakash et
al. 2007). Strains with at least 70% DNA binding values have a tendency of exhibiting similar
protein fingerprints, with only slight variations (Pot et al. 1994).

2.3.1.3 Restriction Fragment Length Polymorphism (RFLP) and Plasmid DNA profiling

Restriction fragments are pieces of DNA that have been cut from larger molecules by
restriction enzymes (Williams 1989). RFLP is a molecular method used to differentiate minor
nucleotide sequence variations in homologous fragments of DNA (Balraj et al. 2011). Agarose
or acrylamide gel electrophoresis separates DNA molecules, genomic, plasmid, or PCR
products, incubated with restriction enzymes and the assimilated product by size (Balraj et al.
2011).

Even though RFLP is an important identification tool in molecular biology, it results in profiles
that are challenging and difficult to compare while plasmid profiling generates profiles which
may not be stable since it is difficult for bacteria to retain plasmids over several generations
(Regnault et al. 1997).

Derivatives of the RFLP technique include methods like ribotyping, amplified ribosomal DNA
restriction analysis (ARDRA), amplified fragment length polymorphism (AFLP) and randomly
amplified polymorphic DNA (RAPD) and repetitive PCR (rep-PCR) (Prakash et al. 2007).

Ribotyping is a technique that is based on the total genomic DNA cleavage by restriction

endonucleases, accompanied by electrophoretic separation, Southern blot transfer, and
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reassociation of transferred DNA fragments with a radiolabelled ribosomal operon probe
(Bouchet et al. 2008).

ARDRA is mainly used to monitor great numbers of isolates at the same time. The method
uses the digestion of amplified ribosomal DNA utilizing different restriction enzymes to yield
patterns that are joined to get a profile (Maslow et al. 1993).

The RAPD technique is used for rapid epidemiologic typing of a wide-ranging microorganisms
(Koeleman et al. 1998). A number of amplified fragments are formed which, when fixed on the
gel, creates a strain-specific profile (Czekajlo et al. 2006). Even though the RAPD method
offers the benefits of simplicity and rapidity, a lack of reproducibility has been described
because of its high vulnerability to variation by primer and DNA concentration, DNA template

guality, gel electrophoresis, and the type of DNA polymerase.

Repetitive-PCR (Rep-PCR) is a technique used for fingerprinting of bacterial genomes through
the examination of strain or subtype-specific patterns attained from PCR of repetitive DNA
elements existing within a bacterial genome (Versalovic et al. 1994).

2.3.1.4 DNA-DNA Hybridization

The DNA-DNA hybridization or DNA-DNA reassociation technique is a practice in
classification for description of species. Wayne and collegues (1987) proposed that bacterial
species in general would comprise of strains with 70% or greater DNA-DNA affiliation and with
5% or less ATy, values and both values must be taken into consideration. DNA affiliation is
estimated by letting single-stranded DNA from one strain reassociate with single-stranded
DNA from a second strain, resulting in a double-stranded DNA molecule (Baron 1996). The
reaction is fully dependent on temperature. The optimal temperature for DNA reassociation is
2510 30°C (ATm) lower than the temperature at which integral double-stranded DNA denatures
into single strands (Baron 1996).

DNA-DNA reassociation is a technique that offers more resolution than 16S rDNA sequencing,
and the 70% standard has been the basis for describing a bacterial species (Cho and Tiedje
2001). However, the method is unpopular. Main disadvantages of DNA-DNA reassociation,
are the lengthy nature of pairwise cross-hybridizations, the necessity for isotope utilization,
and the impracticality of establishing a central database (Cho and Tiedje 2001). Another
disadvantage is that the technique gives the relative percentage of similarity, but not the

definite sequence identity (Prakash et al. 2007).

2.3.1.5 Guanine and Cytosine Ratio (G+C Ratio)

The G+C content in bacterial DNA ranges from 25-75%. This percentage is precise, however,

not exclusive to some degree. Two isolates with the same G+C content might or might not
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belong to the same species (Baron 1996). If the G+C contents vary greatly, then it means the
strains cannot be members of the same species. Analysis of DNA G+C ratio is one of the
conventional genotypic methods in taxonomy (Prakash et al. 2007). In apparent species, the

G+C content of strains generally vary by less than three mol%.

2.3.2 Conventional Phenotypic Tests

Conventional microbiological methods for bacterial identification have been utilised for many
years and continue being an essential part of all microbiological laboratories at present
(Morgan et al. 2009). These methods include basic growth parameters such as growth at
different temperatures, growth under aerobic or anaerobic conditions, the need for specific
nutrients, the ability to produce specific metabolites, and production of enzymes always gives
essential information on not only the identity, but also the spoilage potential of an organism
(Banwart 1989).

The description of the phenotypic characteristics of bacteria is an important taxonomic tool
and should be used together with molecular-based techniques for bacterial identification (de
Beer 2005). The classification of organisms has been performed by using traditional
phenotypic methods for a long time as they form an integral part of classification, however, it
has become clear that classification of microorganisms using these methods alone does not
really correlate well with evolutionary relationships (Lane et al. 1985).

2.3.2.1 Morphological and Biochemical Methods

Phenotypic characteristics of bacteria include morphology of the bacterial cell and the bacterial
colony as well as the biochemical reactions of the bacterium (Bisen et al. 2012). Morphological
and biochemical characteristics of organisms can only be observed after cultivation and
incubation. Morphological characteristics include, colony appearance in terms of shape,
elevation, edge, optical characteristics, consistency, colony surface and pigmentation (Abiola
and Oyetao 2016). Biochemical characteristics include enzyme production, metabolism and

oxidation of a wide range of carbohydrates, aerobic or anaerobic reactions (Bisen et al. 2012).

It is essential to obtain a pure culture in order to identify an organism and the streak plate
method is specifically used for this purpose (Bisen et al. 2012). After a pure culture is obtained,
it can then undergo a series of cell treatment procedures such as Gram or Ziehl-Neelsen stains
which assist in the microscopic determination of the morphology of the bacterial cells and the

presence or absence of spores (Aguilera-Arreola 2015). Gram staining classifies bacterial
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strains into the Gram-positive and Gram-negative groups (Jesumirhewe et al. 2016). Proper
atmospheric (e.g. aerobic or anaerobic) conditions are essential for the isolation and
identification of bacteria (Bisen et al. 2012). Incubation temperature, pH, nutrients needed for
growth, and antibiotic resistance are also essential characteristics that need to be determined
(Bisen et al. 2012).

Biochemical methods of identification include the catalase; oxidase; motility; haemolytic;
oxidation-fermentation and glucose fermentation tests (Prakash et al. 2007; Aguilera-Arreola
2015).

The majority of the genera in the family Weeksellaceae produce yellow to bright orange yellow-
pigmented colonies on agar media and this primarily depends on the media and incubation
temperature or the time (Hugo et al. 2019). Valuable information can also be obtained from
microscopic examination with different staining techniques and biochemical reactions which
will make it possible to differentiate between different genera and existing species. The
majority of the species of Chryseobacterium produce lipolytic and proteolytic enzymes
(Hantsis-Zacharov and Halpern 2007a, b; Yuan et al. 2018).

Identification of bacteria can be attained by utilizing a manual or a computerised system based
on numerical classification (Sneath and Sokal 1973). This procedure involves the comparison
of a large number of typically phenotypic characteristics of one organism with similar

phenotypic characteristics of other organisms (Busse et al. 1996).

2.3.2.2 Automated BIOLOG™ Omnilog System

The BIOLOG™ Omnilog identification method is designed for the phenotypic identification of
bacteria and fungi (filamentous and yeasts) (Sandle et al. 2013). The BIOLOG™ method
identifies microorganisms based on the exchange of electrons produced during respiration
when microorganism cells oxidize a carbon source in the 96-well microplate, leading to
tetrazolium-based colour changes that allows colorimetric determination of the increased
respiration that takes place when microbial cells are oxidizing a carbon source (Miller et al.
1993). In a 96-well microtitre plate, all the wells are initially colourless, however, when a
chemical in a well is oxidized, a burst of cellular respiration causes the reduction of the
tetrazolium dye in the well, forming a purple colour which indicates that the tetrazolium-based
reagent has been irreversibly reduced to a soluble purple compound called formazan (Miller
et al. 1993, Sandle et al. 2013).
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The BIOLOG™ Omnilog system can be used to classify and differentiate a variety of
microorganisms. Ecological and virulent microorganisms produce a distinctive pattern from
discrete test reactions within the 96-well microplate (Biolog 2008). Resulting metabolic
fingerprints are automatically read and verified in seconds. These patterns are evaluated with
sophisticated interpretation software, the MicroLog™ database software, and compared to
extensive organism and pathogen databases. These fingerprint reaction patterns offer a
massive amount of information appropriately contained in a single BIOLOG™ Microplate
(Biolog 2008; Sandle et al. 2013).

For identification purposes, the metabolic profiles attained are compared with a database (the
GEN Il database) containing characteristic profiles of a range of microorganisms (currently
about 2500) (Sandle et al. 2013). Identification of the organism is obtained when the algorithm
compares the properties of the test results for the unidentifiedn microorganism with a number
of alternative microorganisms held in the reference well which does not have any carbon
source (Miller et al. 1993; Sandle et al. 2013).

2.4 FOOD SPOILAGE CHARACTERISTICS

A range of bacteria that use food as a carbon and energy source facilitates chemical reactions
that cause unpleasant olfactory modifications in foods (Rawat 2015). Spoilage of fresh fish
and other fish products is caused by the action of microorganisms, chemical oxidations and
autolysis (Gram et al. 2002). Even though a variety of compounds are produced due to
chemical oxidation and enzymatic degradation, microbial action and production of microbial
metabolites is the principal source of fresh fish spoilage (Gram and Huss 1996). Microbial
spoilage of food takes place in different forms, however, all result from microbial growth and
activity which manifest itself as changes in the sensory characteristics (Gram et al. 2002).
Spoilage can at times, be identified by visual changes before any assessable chemical

changes take place.

Lipids and pigments in fat-containing foods may be metabolised producing undesirable off-
flavours and development of compounds with aggressive biological effects or changes in
colour (Forsythe 2000). Economic consequences resulting from spoilage of food because of
off-odours and off-flavours may be severe, it is therefore crucial to have active methods of
detecting the origin and being able to initiate counteractive actions with the slightest of delays
(Dainty 1996). Sensory and microbiological analyses play an essential role in monitoring the

shelf-life and quality of food products (Dainty 1996).
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Disease resulting from the action of bacteria is one of the most important threats to the
aquaculture industry (Jacobs 2007). Spoilage of fish products is another threat posed by
microorganisms after harvest, during packaging, transporting and storage (Jacobs 2007).
Chryseobacterium balustinum (Harrison 1929; Vandamme et al. 1994), C. piscium (de Beer
et al. 2006), C. piscicola as well as C. scophthalmum (Mudarris et al. 1994; Vandamme et al.

1994) were isolated from diseased and spoiled fish.

The spoilage of food is mainly attributed to microorganisms being able to produce lipolytic
and/or proteolytic enzymes which have major effects on the sensory characteristics of the food

product.

2.4.1 Enzyme Production

Enzymes are biological molecules that accelerate biochemical reactions (Roy et al. 2018).
Microbial enzymes are responsible for quality deterioration and food spoilage (Braun et al.
1999). Understanding the enzymatic processes occurring in food is essential for making
effective, logical shelf-life assessments (Braun et al. 1999). Several bacteria have been
described as being remarkable producers of proteases and lipases (Braun et al. 1999).
Psychrotolerant bacteria present serious spoilage challenges to the food industry because of

their ability to produce proteolytic and lipolytic enzymes (Vithanage et al. 2016).

2.4.1.1 Lipolytic Enzyme Production

Lipolytic enzymes are carboxyl esterases that catalyse the hydrolysis of acyl glycerols (Chen
et al. 2003). Lipolytic enzymes are responsible for both agreeable and disagreeable flavours
arising in dairy products (Mielman 2006). The breakdown of triglycerides by lypolytic enzymes
results in sour, butyric, or soapy flavours (Chen et al. 2003; Bekker et al. 2016).

Off-flavours described as “oxidised card-boardy” or metallic are caused by the related
development of carbonyls, due to oxidation of unsaturated fatty acids (Chen et al. 2003). Heat
resistant psychrotolerant bacterial lipases can cause lipolysis in dairy products, even when

heat is applied (Venter et al. 1999).

The optimal temperature for extracellular Gram-negative bacterial lipases ranges between 30—
40 °C (Mielman 2006). Bekker et al. (2016), after inoculating milk with either C. joostei or
Pseudomonas (P.) fluorescens, observed high levels of lipolysis produced by C. joostei. No
significant differences were observed between C. joostei and P. fluorescens at 4 °C, however,

C. joostei produced significantly higher levels of lipolysis than P. fluorescens at 25 °C. It was
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concluded that abusive storage temperatures prior to pasteurisation could result in intense

lipolytic degradation of milk by C. joostei.

There is limited evidence concerning lipase production by chryseobacterial species, however,
Chryseobacterium bovis is another example of a Chryseobacterium strain that displayed
lipolytic activity in milk (Hantsis-Zacharov et al. 2008a).

2.4.1.2 Proteolytic enzyme production

Proteolytic enzymes are enzymes which breakdown proteins to peptones, polypeptides, and
amino acids (Mielman 2006). Proteases can be categorized in terms of their origin, catalytic
activity and nature of the reactive group in the catalytic site (Raveendran et al. 2018).
Proteases hydrolyse casein fractions and result in defects defined as bitter off-flavours and
result in age gelation (Stoeckel et al. 2016). Secreted proteases that degrade host tissues
have been detected in some pathogenic bacteria and have been shown to play a role in the

virulence of the organisms (Rochat et al. 2019).

Chryseobacterium species from different sources are able to produce proteolytic enzymes.
These proteolytic enzymes enhance the pathogenic potential of some strains belonging to the
genus Chryseobacterium. The fish pathogenic Chryseobacterium species, for instance,
produce extracellular proteases. These proteases degrade constituents of muscle, cartilage
and connective tissue (Bernardet et al. 2006).

Proteolytic enzyme production by Chryseobacterium species influences their spoilage
capability (Bekker et al. 2015). Some Chryseobacterium species have been reported to
produce proteolytic enzymes that are pasteurisation stable (Venter et al. 1999; Bernardet et
al. 2006). Venter et al. (1999) found that C. indologenes I1x9a showed optimal proteolytic
activity at a temperature of 50 °C. The heat-resistant protease from C. indologenes Ix9a was
characterised as a metalloprotease, in that it consists of a catalytic metal ion at its active site,

which assists in the metabolism of peptide bonds resulting in protein degradation.

Chryseobacterium balustinum, C. gleum and C. indologenes strains which were isolated from
Cape marine fish in South Africa displayed varied proteolytic activities including H.S
production (Engelbrecht et al. 1996b). Off-odours produced by these organisms included
pungent, stale and fruity odours. It was speculated that these organisms were introduced
during the processing of the fish (Engelbrecht et al. 1996b). An important organoleptic effect
of proteolysis in marine fish is the softening of the flesh which is followed by a slimy

appearance (Engelbrecht 1992).
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2.4.2 Sensory spoilage in terms of odour

Microbial growth degrades enormous quantities of food, and this affects the economy
negatively and results in loss of substantial nutrient sources (Madigan et al. 2000).
Microorganisms recovered from food will be capable of producing spoilage metabolites only
when conditions promote uncontrolled growth (Mielman 2006). It is therefore important that
determination of spoilage characteristics use assessable methods, since the spoilage
potential of an organism is dependent on its ability to release spoilage metabolites (Bekker et
al. 2016). These considerations in general, are the execution of a cautious mixture of

microbiology, sensory analysis and chemistry (Gram et al. 2002).

2.4.2.1 Sensory analysis

Sensory food tests are important means for ensuring high product quality. Sensory analysis
comprises the testing of appearance, taste, odour, consistency and texture of the food product
(German Agricultural Society 2017). Foods contain a large number of aroma-active
substances that interact with each other and in their interaction, trigger the sensory overall
flavour impression in consumers (German Agricultural Society 2017).

Sensory analysis is a method that can be used to detect spoilage in food. Sensory analysis of
seafood is an essential technique used by the Federal Drug Administration (FDA) to protect
consumers of seafood that has been contaminated due to putrefaction (ORA Laboratory
Manual 2013). The consistency of the sensory program is influenced by the integrity of the
sensory analysts and the way in which the analyses are directed, described, and understood

for regulatory purposes (ORA Laboratory Manual 2013).

Proteolytic and lipolytic enzymes produced by Chryseobacterium are commonly associated
with off-odour and flavour production (Tsdeu et al. 2016). The type of odour produced by
Chryseobacterium species can be described using the sniffing method (Bekker et al. 2016).
GC-MS together with sensory analysis can be used to identify the compounds causing of off-

odours and off-flavours (Bekker et al. 2016).

The organisms which are responsible for spoilage of marine fish are considered to be those
which produce off-odours when cultivated in pure cultures on fresh fish or in fish press juice
(Engelbrecht 1992). In a study by Engelbrecht (1992), odour production by flavobacterial
species was assessed by using a sensory panel of five people to determine the type of odour
produced. The odours assessed were: no odour, stale, fruity pungent or sulphidy. Out of 60
flavobacterial species tested, 19 produced no odour, another 19 produced a stale odour, 2

produced fruity, zero produced sulphidy and 20 produced a pungent odour.
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2.4.2.2 Gas Chromatography (Volatiles)

Fish are very fragile and for this reason, it is crucial to have consistent spoilage evaluation
approaches (Duflos et al. 2006). The freshness of fish can be investigated by the analysis of
volatile compounds. Volatile organic compounds produced during spoilage of fish include
alcohols, aldehydes, ketones, esters, organic acids and sulphur compounds (Parlapani et al.
2017). Characterization by means of signal pattern attained by headspace/mass spectrometry
(HS/MS) is a modern practice which could allow sensory evaluation by means of chemical

composition methods (Duflos et al. 2006).

Gas chromatography/mass spectrometry(GC/MS) can be utilised to characterize spoilage by
identifying volatile compounds formed during spoilage (Parlapani et al. 2017) and is an
ultimate method for approximate and numerical determination of volatile and semi-volatile
organic compounds in a set of samples (Sneddon et al. 2007). Gas chromatography can
separate many volatile and semi-volatile compounds but not always selectively identify them
whereas MS can selectively identify many compounds but not always separate them and

hence the two methods are combined to give effective results (Duflos et al. 2006).

The combination of (GC/MS) is most likely the most inclusive instrumental analytical practice
that the scientist in food analysis can utilise at present (Gerhardt 1990). The GC/MS method
can also be used to measure the free fatty acids responsible for off-flavours and off-odours
produced during lipolysis of milk (Wang and Xu 2009).

In a study by Bekker et al. (2016), the determination of volatile compounds in fat-free and full-
cream milk was performed by using the GC/MS method. Chryseobacterium joostei and P.
fluorescens incubated at 4 °C and 25 °C were organisms used to conduct this study.
Chryseobacterium joostei samples incubated at 4 and 25 °C for fat-free milk showed high
levels of acetone production compared to that of the P. fluorescens samples. Isovaleric acid
(3-methylbutanoic acid), was among the three volatile compounds detected in the C. joostei
samples only whereas, 2=furfuryl alcohol and hexanal were only detected in the samples
inoculated with P. fluorescens. Butanoic acid, dichloromethane, hexanoic acid, 2-nonanone

and 2-pentanone were present in all the inoculated samples for full cream milk.

Each volatile can produce a variety of odours (Bekker et al. 2016). Fatty acids for instance,
result in the production of cheesy and sour odours in milk, while isovaleric acid has been linked
with sweat-like odour (Amoore 1977; Jooste et al. 1986a; Wang and Xu 2009).
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2.5 CONCLUSIONS

The genus Chryseobacterium formed part of the Flavobacteriaceae family for a long time, but
since 2019 belongs to the family Weeksellaceae (Garcia-Lopez et al. 2019). This genus has
been isolated from a variety of sources which includes clinical, environmental, industrial and
food sources. This study highlighted the occurrence of this genus in food, especially fish,

where this genus has not only been implicated in pathogenesis of fish, but also fish spoilage.

Developments in techniques of studying prokaryotes resulted in the use of molecular
techniques which include 16S rRNA gene sequencing. This gene plays a fundamental role in
the classification of microorganisms as it is an outstanding phylogenetic marker for Bacteria
and Archaea. Identification and classification of bacteria can be attained by utilizing a manual

or an electronic system based on numerical classification.

The methods that have been utilized to identify strains include conventional (traditional)
methods, computerized biochemical analysis, and molecular-based analysis. Even though
conventional phenotypic methods form an integral part in species identification, they however,
have limitations. Therefore, in order to complete a taxonomical study, the conventional

phenotypic methods should be utilised in conjunction with the molecular-based methods.

The members of the genus Chryseobacterium include cold-tolerant and enzymatic spoilage
microorganisms that are extensively isolated from food sources such as milk, fish, meat and
poultry. Food spoilage is characterised by undesirable variations in taste, odour, appearance
and texture resulting from microbial growth. The ability of Chryseobacterium species to
produce proteolytic enzymes enhances their spoilage potential; however, methods such as
sensory analysis and GC/MS analysis of the volatile compounds assist in investigating

spoilage in terms of odour.
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CHAPTER 3

THE CLASSIFICATION OF Chryseobacterium SPECIES
ISOLATED FROM FISH

ABSTRACT

Eleven yellow-pigmented, Gram-negative bacterial strains isolated in a previous study
(Engelbrecht 1992) from fresh Cape marine fish in South Africa were classified and identified
in this study. The methods used included molecular-based analysis, conventional methods
and automated biochemical analysis. Phylogenetic analysis based on 16S rRNA gene
sequences indicated that the unidentified bacterial strains represented members of the genus
Chryseobacterium. Three Chryseobacterium isolates namely; strains SH 23-4, SH 30-1 and
SH 28-3 had a high similarity percentage value of 99.8%, and 100% for C. piscium indicating
that they could be strains of C. piscium, while five had a similarity percentage that is lower
than 98.7% meaning that they might be novel species, however, all strains require further
polyphasic investigations to have full evidence for description as novel species. The 11
bacterial species and three reference strains (C. gleum, C. balustinum, and C. piscium) were
also profiled and identified using the BIOLOG™ Omnilog Gen Il identification system. The
three reference strains were correctly identified by the Omnilog identification system, seven of
the bacterial strains were incorrectly identified as being C. palustre, C. scopthalmum and C.
ureitylicum and five of the 11 bacterial isolates had a similarity value that was lower than 0.5
and they had a no identity result. The bacterial isolates were also characterized using

conventional phenotypic methods.

3.1 Introduction

Bacterial taxonomy was believed to be an uninteresting field in microbiology, by young or
determined scientists (Vandamme et al. 1996). The latest taxonomic techniques and
improvements have however, changed this attitude. These developments revolutionized the
current perceptions in the phylogeny and taxonomy of all existing organisms. Taxonomy plays
a significant role in the classification and identification of organisms (Prakash et al. 2007). It is
based on the nomenclature, classification and identification of organisms (Bisen 2012). All

genotypic, phenotypic, and phylogenetic information are integrated in polyphasic taxonomy.

The methods that have been used to classify and identify microorganisms include molecular-
based analysis, conventional methods and automated biochemical analysis (Morgan et al.
2009). The modern identification methods are as a result of the development in molecular

biology, unravelling the structure and function of microorganisms (Khatib et al. 2014). These

28



methods are more effective and the time for microbial identification using molecular-based
PCR techniques is much less compared to conventional methods of detection (Senthilraj et
al. 2016).

The 16S rRNA gene sequencing technique is an example of a molecular based bacterial
identification method. Culture-independent methods for revealing microbial biodiversity are
mainly based on the examination of small subunit ribosomal RNA (SSU rRNA) genes from
environmental samples (Giovannoni et al. 1990). PCR is a process that can produce more
than a million copies of a particular DNA or RNA sequence (Johnson 1991). It is a valuable,
positive and rapid technique with high sensitivity and specificity (Joshi and Deshpande 2011).
The conventional Sanger sequencing method, or the first-generation sequencing, includes
PCR amplification, product qualitative detection and separation by gel electrophoresis,
purification of the amplicon through ethanol precipitation, sequencing by an amplification

reaction and final capillary electrophoresis (Chen et al. 2014).

Phylogenetic analysis can be obtained by the construction of a phylogenetic tree which is used
to determine the genus to which the strain belongs and its closest neighbours (Prakash et al.
2007). Initially, Stackebrandt and Goebel (1994) proposed that a 16S rRNA gene sequence
similarity of 97% should become the limit for delineation of prokaryotic species, and bacterial
strains which show more than 3% on 16S rRNA gene sequence divergence, were considered
to be members of different species (Vandamme et al. 1996). However, recently, a cut-off
value of 98.7-99%, after inspection of a large amount of published data, was suggested
(Stackebrandt and Ebers 2006).

The BIOLOG™ Omnilog is an automated identification method that is designed for the
phenotypic identification and characterization of bacteria and fungi (filamentous and yeasts)
(Sandle et al. 2013). It identifies microorganisms based on the exchange of electrons
generated during respiration when microorganism cells oxidize a carbon source in a 96-well

microplate, leading to tetrazolium-based colour changes (Miller et al. 1993; Truu et al. 1999).

The genus Chryseobacterium was initially described by Vandamme et al. (1994) as belonging
to the family Flavobacteriaceae. However, due to recent studies based on the genome
taxonomic classification of Bacteroidetes, the genus Chryseobacterium has been placed in
the family Weeksellaceae (Garcia-Lopez et al. 2019). The members of the genus
Chryseobacterium include cold-tolerant organisms with the ability to cause spoilage by
enzymatic degradation of food (proteolysis). Their association with the deterioration of food
and food products has gradually increased (de Beer 2005). Some Chryseobacterium species
associated with fish include C. arothri, which was isolated from the kidneys of a pufferfish from

the warm tropical waters of the Hawaiian Islands (Campbell et al. 2008). Chryseobacterium
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balustinum was isolated from marine fish (Harrison 1929, Bergey and Breed 1948;
Engelbrecht et al. 1996a, 1996b), while four strains of C. piscium were isolated from fish
caught in the South Atlantic Ocean near South Africa (de Beer et al. 2006). Fish and other fish
products are easily spoiled because of their high water activity (aw), neutral pH, and low
content of connective tissue (Hassoun and Karoui 2017). The psychrotolerant and proteolytic
nature of Chryseobacterium species enables some of them to grow and cause spoilage of fish
residing in cold aqueous environments (de Beer et al. 2006).

The aims of this study were to identify and classify 11 yellow-pigmented, Gram-negative
bacterial strains isolated from fish in a previous study (Engelbrecht 1992) by 16S rRNA
sequencing and the BIOLOG™ Omnilog identification system and then to characterize the
strains by conventional tests together with the information from the BIOILOG™ Omnilog

system.

3.2 Methods and Materials

3.2.1 Cultures used and their maintenance

The strains and the reference strains used in this study are listed in Tables 3.1 and 3.2,
respectively. The test strains used in this study were isolated from fresh marine fish obtained
from commercial fish retailers in Cape Town, Western Cape Province, South Africa in a
previous study (Engelbrecht 1992). Thirty-nine portions of fresh, processed Cape hake and
26 portions of fresh fish species other than hake (Kingklip, monk, angelfish and gurnard) from
the processing factory were taken to the laboratory and kept at 4 °C until testing on the same
day. The three reference strains used in this study were selected because C. gleum is the
type strain for the genus Chryseobacterium and both C. piscium (de Beer et al. 2006) and C.
balustinum (Harrison 1929) were isolated from fish. The reference strains were obtained from
international culture collections (Culture Collection, University of Géteborg, CCUG and

National Collection of Type Cultures, NCTC) in a freeze-dried state in ampoules.

For long-term maintenance, the isolates were freeze-dried on 5 mm diameter filter paper discs
(Whatmann) in Petri dishes, transferred to small screw capped Wasserman tubes and stored
at -20 °C. Prior to usage, the strains were reactivated in 10 ml nutrient broth (Oxoid CM67)
and incubated for 48 h at 25 °C. Their purity was checked by streaking on nutrient agar (Oxoid
CMO003), incubating them at 25 °C for 24 h and performing Gram-staining after incubation. The
pure cultures were cultivated on nutrient agar slants and were further stored at 4 °C for short-

term maintenance and re-streaked every 4 to 6 weeks.
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Table 3.1. The 11 unidentified yellow-pigmented, Gram-negative bacterial strains isolated

from fresh South African marine fish (Engelbrecht 1992) which were used in this study.

Chryseobacterium isolate Source Place of Date of

isolation isolation
SH 23-4 Fresh Marine Fish Cape Town 1990
SH 11-3(a) Fresh Marine Fish Cape Town 1990
SH 20-4 Fresh Marine Fish Cape Town 1990
SH 30-1 Fresh Marine Fish Cape Town 1990
SH 28-3 Fresh Marine Fish Cape Town 1990
1J 30-2 Fresh Marine Fish Cape Town 1990
SH 11-3(b) Fresh Marine Fish Cape Town 1990
SH 25-4 Fresh Marine Fish Cape Town 1990
SH 19-2(b) Fresh Marine Fish Cape Town 1990
SH 11-4(b) Fresh Marine Fish Cape Town 1990
SH 40-3 Fresh Marine Fish Cape Town 1990

Table 3.2 Reference strains used in this study. NCTC, National Collection of Type Cultures;
CCUG, Culture Collection, University of Goteborg.

Genus and species Culture collection Source of Reference

collection

Vandamme et al.
1994

Vandamme et al.

Chryseobacterium gleum NCTC 114327 Vaginal swab

Heart blood of
fresh water fish 1994
de Beer et al.
2006

Chryseobacterium
) NCTC 112127
balustinum

Chryseobacterium piscium CCUG 492717 Fresh marine fish

3.2.2. DNA Extraction

The freeze-dried filter paper discs containing a specific strain from Tables 3.1 and 3.2 were
added to 10 ml of nutrient broth and incubated for 48 h at 25 °C after which the cultures were

each streaked onto nutrient agar and incubated at 25 °C for 48 h. After cultivation, single
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colonies were scraped from the agar using a pipette tip, resuspended into 100 pl NucleoSpin®
Microbial DNA (Macherey-Nagel) kit elution buffer and centrifuged for 30 s, the resulting
mixture was used for DNA extraction. DNA was extracted by using the NucleoSpin® Microbial
DNA (Macherey-Nagel) kit, according to the manufacturer’s instructions. The extracted DNA
guantity and quality was assessed using the Nanodrop ND-1000 (v3.3.0) spectrophotometer.
The extracted DNA was stored at -20 °C.

3.2.3 16S rRNA sequencing

The isolates in Tables 3.1 and 3.2 were exposed to whole-cell polymerase chain reaction
(PCR) amplification of the 16S rRNA gene according to the manufacturer’s instructions
(Thermo-Scientific); dNTPs (2 ul of 10 mM) were added to 0.2 ml PCR tubes, followed by 1 pl
of 10 pM forward and reverse primers. The forward primer used was 27F (5%
AGAGTTTGATCCTGGCTCAG-3”, Integrated DNA Technologies) and the reverse primer was
1492R (5°-GGTTACCTTGTTACGACTT-3”, Integrated DNA Technologies). Buffer
(ThermoPol®; 5 ul of 10x concentration) and 1 pl of the DNA template sample were added to
the PCR tubes. In addition, 0.3 ul of 5000 U/ml Taq DNA Polymerase (New England BioLabs
Inc.) was added. The reaction volume was adjusted to 50 ul by addition of nuclease-free water
and a quick spin of 1 s was done to collect all the liquid at the bottom.

Thermal cycling was conducted using a 2720 Thermocycler (Applied Biosystems) that was
programmed as follows: initial denaturation at 94 °C for 5 min, 35 amplification cycles of:
denaturing at 94 °C for 30 s, annealing at 50 °C for 30 s and elongation at 72 °C for 115 s.
Final elongation was allowed at 72 °C for 5 min and the reaction was kept at 4 °C until further

processing.

3.2.4. Visualisation of PCR Amplicons

The PCR amplicons were visualized on a 1% w/v agarose (Seakem® LE Agarose, Lonza) gel
to which ethidium bromide stain (~20 mg/ml) was added. The agarose gel was prepared using
1x TAE buffer (containing 40 mM Tris, 20 mM acetic acid, 1 mM EDTA, pH 8.0).

The gel wells were loaded with 1 pl of 6x TriTrack DNA loading dye (10 mM Tris-HCI, pH 7.6;
0.03% bromophenol blue; 0.03% xylene cyanol FF; 0.15% orange G; 60% glycerol and 60
mM EDTA) mixed with 5 pl of the PCR product. The DNA marker Thermo-Scientific O“gene

Ruler™ (3 pl) was also loaded alongside the samples. Electrophoresis was performed for 34
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min at 9 V/cm. The PCR amplicons were viewed using a Gel Doc™ EZ Imager (Bio-Rad) and

photographed using ImageLab™ software (version 5.0, Bio-Rad).

3.2.5. Amplicon clean-up and sequence reactions

Amplicon lengths of about 1500 bp corresponding to the probable amplicon bands were
excised and purified with the Wizard® SV Gel and PCR Clean-Up system (Promega)
according to the manufacturer’s instructions. These were then used as templates for the
subsequent sequencing reactions using the BigDye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems). The ddNTP chain termination method (Sanger sequencing) was used
followed by sequencing clean-up reactions using the EDTA/ethanol precipitation protocol in
the BigDye manual. The samples were submitted for Sanger sequencing at the University of

the Free State, Bloemfontein, South Africa.

Sequence data was analysed and aligned using Geneious Pro R9 software
(http://lwww.geneious.com, Kearse et al. 2012) and compared with sequences on the
EzBioCloud (https://www.ezbiocloud.net/) database (Yoon et al. 2017) to identify closely

related validly published species.

Determination of the relationship of the unidentified isolates to that of the type strains of the
already validly published 113 Chryseobacterium species

(http://www.bacterio.net/chryseobacterium.html) were done based on phylogenetic analyses

performed using Molecular Evolutionary Genetics Analysis (MEGA) software version 7
(Tamura et al. 2016). Neighbour-joining and maximum likelihood methods with Kimura two
(KP2) parameter distance measure aided in the construction of phylogenetic trees (Tamura et

al. 2016). Confidence values were estimated from bootstrap analysis of 1000 replicates.

3.2.6. Automated phenotypic tests

3.2.6.1. BIOLOG™ Omnilog Gen Il Identification and phenotypic tests

The unidentified strains and reference strains were streaked onto NA plates and incubated at
25 °C for 24 h then profiled using the BIOLOG™ Omnilog Gen Ill identification system
(BIOLOG Inc., Hayward, CA, USA) according to the manufacturer’s instructions. After
incubation, a sterile swab was used to pick up a single colony from the previously incubated

plate. The colony was suspended in an inoculating fluid (IF-A) which is used for organisms
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that grow at a normal rate and this was done at the recommended (BIOLOG) cell density. A
100 ul of the cell suspension was then inoculated into each of the GEN Il MicroPlate wells.
An automated pipette was used to dispense the cell suspension into the 96-well colourless
microtiter plates which were further incubated in the BIOLOG™ incubator at 25 °C for 24 h to
allow the phenotypic fingerprint to form. The RetroSpect™ 2.0 software was used to view the

data.

3.2.7 Conventional Phenotypic Tests

Phenotypic tests used were in accordance to the minimal standards for the description of new
taxa in the family [Flavobacteriaceae] (Bernardet et al. 2002) and the biochemical tests were
performed according to Cowan (1974) and MacFaddin (1980).

The isolates were streaked on NA and incubated for 48 h at 25 °C. Colonial morphology was
observed on NA. Gram-staining and cell morphology determination were done according to
MacFaddin (1980). The production of oxidase, catalase, lipolytic and proteolytic enzymes was
determined according to MacFaddin (1980). Motility was determined by simultaneous stab
inoculation into nutrient agar tubes and growth in nutrient broth at 22 °C and checking for

motility with phase-contrast microscopy (Nikon).

For standardization of the inoculum concentration for the rest of the phenotypic tests, strains
were revived and cultivated in 10 ml NB after which the cell culture was transferred and
cultivated in 100 ml of NB in 500 ml Erlenmeyer flasks at 25 °C for 48 h. The cells were then
centrifuged at 1,087 x g for 10 min with an Eppendorf 5430 R centrifuge (Eppendorf AG,
Hamburg, Germany). The supernatant was discarded and the cell pellets washed with
phosphate buffer (0.1 M, pH 7). Centrifugation was repeated as mentioned before. Cell pellets
were re-suspended in 10 ml of phosphate buffer (0.1 M, pH 7) and standardized in comparison
with a McFarland number 2 density standard (Difco 0691326). This served as the inoculum
for the different biochemical tests.

The resulting series of phenotypic tests were performed according to Cowan (1974) and
MacFaddin (1980): growth in 0 to 10% (w/v) sodium chloride; growth at 4, 10, 15, 25, 30, 35,
40 and 42 °C; growth on nutrient agar, MacConkey agar (Oxoid CM0007), trypticase soy agar
(Oxoid CM0131), R2A agar (Oxoid CM0906)) and standard plate count agar (Oxoid CM0463);
production of hydrogen sulphide (Kliger iron agar; Oxoid CM0033), indole (Kovac’s reagent;
Merck 1.09293), urease on Christensen’s urea agar (Richard and Kiredjian 1995); and

hydrolysis of casein, gelatine (plate method), and lecithin (egg yolk medium).
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3.3 Results and discussion

3.3.1 PCR amplicons

Figure 3.1 shows the electropherogram of the PCR amplicons for the 11 isolates’ 16S rRNA
regions. All the strains gave bands of ~1500 bp. The edited 16S rRNA sequences acquired

from Sanger sequencing were blasted on the NCBI GenBank (http://www.ncbi.nim.nih.gov)

and EzBioCloud (http://www.ezbiocloud.net/) databases and the results confirmed that all of

the 11 strains belonged to the genus Chryseobacterium based on their high similarity values
(Table 3.3).

MmMB1 2 3 4 5 6 7 8 9 10 11

<+—— 1500 bp

Fig. 3.1. Electropherogram of the ~1500 bp PCR products of the 16S rRNA regions of the 11
isolates. M, DNA molecular marker; B, Negative control; 1, strain SH 23-4; 2, strain SH 11-
3(a); 3, strain SH 20-4; 4, strain SH 30-1; 5, strain SH 28-3; 6, strain IJ 30-2; 7, strain SH 11-
3(b); 8, strain SH 25-4; 9, strain SH 19-2(b); 10, strain SH 11-4(b); 11, strain SH 40-3.

3.3.2. 16SrRNA gene sequence analysis

The BLAST search results for the 16S rRNA consensus sequences differentiated by using
sequences of recognised Chryseobacterium type species on the NCBI GenBank database

(http://www.ncbi.nlm.nih.gov) are shown in Table 3.3. The maximum percent identity (Max. %

identity) relates to a match of the subject sequence with the highest percentage of identical

bases.
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According to these results, strain SH 23-4 is closely related to C. piscium LMG 23089" with a
similarity of 99.89% and a query coverage of 100%. Chryseobacterium balustinum NBRC
150537 was the second most closely related species to strain SH23-4 with 99.20% similarity
and a query coverage of 99%. Isolates SH 30-1 and SH 28-3 had a similarity of 100% to C.
piscium LMG 23089" and a query coverage of 100%. Chryseobacterium balustinum NBRC
150537 was also the second most closely related relative of both these isolates with similar
similarities of 99.78% and query coverages of 100%. It can therefore, be concluded that all
three these strains are not novel species of the genus Chryseobacterium, but could be strains
of C. piscium.

Strain SH 11-3(a) showed the highest similarity of 97.72% to C. yonginense HMD1043" with
a query coverage of 99%. Chryseobacterium antarcticum AT1013™ was the second closest

relative with a similarity of 97.51% and a query coverage of 100% (Table 3.3).

Chryseobacterium yonginense HMD1043"™ was also closely related to strain SH 20-4 with a
similarity of 97.35% and a query coverage of 97%, followed by C. chaponese Sa 1147-46"
with a similarity of 96.89% and a query coverage of 100%.

Chryseobacterium type strains that shared a similarity greater than 97.00% to isolate 1J 30-2
were C. carnis G81" (99.67%), C. treverense IMMIB L-1519" (97.63%) and C. solincola 1YB-
R12" (97.53%) and had query coverages of 99.67, 97.63 and 97.53%, respectively (Table

3.3). This strain, therefore, most likely belongs to C. carnis.

Isolate SH 11-3(b) had a similarity of 97.55% to C. yonginense HMD1043" with a query
coverage of 99% and also shared 97.33% similarity with C. carnis G81'.

Isolate SH 25-4 was most closely related to C. chaponese Sa 1147-46" at 97.03% similarity
and had a query coverage of 100% and it's second most closely related species was C. carnis

G81" with a sequence similarity of 97.70% at 97% query coverage.

Isolates SH 19-2(b), SH 11-4(b) and SH 40-3 were also closely related to C. chaponese Sa
1147-46"7 and C. carnis G81" with similarity values of 97.70, 97.25, 96.92% and query
coverages of 100, 99, and 100%, respectively.

Percentage similarities of the 11 isolates to existing Chryseobacterium species ranged from
96.47-100% (Table 3.3). Not all of them exceeded the commonly recognized threshold value
of 97.0%, suggesting a possible novel species. Wayne et al. (1987) and Stackebrandt and
Goebel (1994), proposed that 16S rRNA gene sequence similarity values greater than 97%
need DNA-DNA hybridization (DDH) methods to approve individual species status. It can
therefore be concluded that 8 of the 11 isolates require DDH studies. Strains SH 20-4, SH 11-

4(b) and SH 40-3 had gene sequence similarity values that were lower than 97.0%. This may
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indicate that these three strains are a novel species or more than one novel species of

Chryseobacterium.

Stackebrandt and Ebers in 2006 re-assessed the relationship between 16S rRNA gene
sequence similarity and DNA re-association values and suggested a threshold value of 98.7%.
Taking this cut-off value into consideration, and basing classification only on 16S rRNA gene
sequence similarity values, it therefore can be concluded that strains SH 11-3(a), SH 11-3(b),
SH 25-4 and SH 19-2(b) together with SH 20-4, SH 11-4(b) and SH 40-3 represent possible
new species, while strains SH 23-4, SH 30-1, SH 28-3 and 1J 30-2 do not represent new
species since their closest relatives (C. piscium, 99.89%; C. balustinum, 99.20%; C. piscium,
100% and C. carnis, 99.67%) have similarity values that are higher than the threshold value.
Other high value 16S rRNA gene sequence similarities have also been reported. The
discussion of the correlation between 16S rRNA gene sequence similarity and DNA re-
association values has been controversial and as a result the 16S rRNA gene cannot be used

alone as a standard for bacterial delineation (Clarridge 2004).

3.3.3 Phylogenetic Analysis

A phylogenetic tree is an evaluation of the relationships between taxa (or sequences) and their
proposed common ancestors (Felsenstein 2004; Hall 2011). These days, most phylogenetic
trees are constructed from molecular information such as, DNA or protein sequences. At first,
the objective of most molecular phylogenetic trees was to assess the relations between the
species characterized by those sequences; however, the objectives have diversified lately
(Hall et al. 2009).

Figure 3.2 shows the neighbour joining phylogenetic analysis of the 11 test strains in this study
compared to type species of the genus Chryseobacterium. Another phylogenetic tree was
constructed using the maximum likelihood in MEGA version 7 software package (Kumar et al.
2016) (Figure 3.3). It was evident from the trees that all the 11 test strains belonged to the

genus Chryseobacterium.
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Table 3.3: GenBank BLAST results for 16S rRNA gene sequences for all the 11 test strains.

Isolate Description Query E- Max% Accession
Cover% Value Identity number

SH 23-4 Chryseobacterium piscium LMG 23089" 16S ribosomal RNA, partial sequence 100 0.0 99.89 042410.1
(1620/1620)

Chryseobacterium balustinum strain NBRC 15053" 16S ribosomal RNA, partial 99 0.0 99.20 113721.1
sequence (1585/1585)

Chryseobacterium scophthalmum strain LMG 13028" 16S ribosomal RNA, partial 99 0.0 98.75 025386.1
sequence (1567/1567)

SH 11-3(a) Chryseobacterium yonginense strain HMD1043" 16S ribosomal RNA, partial 99 0.0 97.72 108572.1
sequence (1583/1583)
Chryseobacterium antarcticum strain AT1013" 16S ribosomal RNA, partial 100 0.0 97.51 025809.1
sequence (1576/1576)
Chryseobacterium chaponense strain Sa 1147-06" 16S ribosomal RNA, partial 100 0.0 97.29 117501.1
sequence (1572/1572)

SH 20-4 Chryseobacterium chaponense strain Sa 1147-06" 16S ribosomal RNA, partial 100 0.0 96.89 117501.1
sequence (1561/1561)
Chryseobacterium yonginense strain HMD1043" 16S ribosomal RNA, partial 97 0.0 97.35 108572.1
sequence (1537/1537)
Chryseobacterium carnis strain G81" 16S ribosomal RNA, partial sequence 97 0.0 97.24 126255.1

(1533/1533)

SH 30-1 Chryseobacterium piscium strain LMG 23089" 16S ribosomal RNA, partial 100 0.0 100 042410.1
sequence (247712477)
Chryseobacterium balustinum strain NBRC 15053" 16S ribosomal RNA, partial 100 0.0 99.78 113721.1
sequence (2460/2460)
Chryseobacterium scophthalmum strain LMG 13028" 16S ribosomal RNA, partial 100 0.0 98.88 025386.1
sequence (2398/2398)
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Isolate Description Query E- Max% Accession
Cover% Value Identity number

SH 28-3 Chryseobacterium piscium strain LMG 23089 16S ribosomal RNA, partial 100 0.0 100 042410.1
sequence (2388/2388)
Chryseobacterium balustinum strain NBRC 15053" 16S ribosomal RNA, partial 100 0.0 99.77 113721.1
sequence (2372/2372)
Chryseobacterium scophthalmum strain LMG 13028" 16S ribosomal RNA, partial 100 0.0 98.84 025386.1
sequence (2309/2309)

1J 30-2 Chryseobacterium carnis strain G81" 16S ribosomal RNA, partial sequence 96 0.0 99.67 126255.1

(1646/3283)
Chryseobacterium treverense strain IMMIB L-15197 16S ribosomal RNA, partial 100 0.0 97.63 104497.1
sequence (1594/3180)
Chryseobacterium solincola strain 1YB-R12" 16S ribosomal RNA, partial sequence 100 0.0 97.53 116343.1

(1589/3169)

SH 11-3(b) Chryseobacterium yonginense strain HMD1043 T 16S ribosomal RNA, partial 97 0.0 97.55 108572.1
sequence (1531/1531)
Chryseobacterium carnis strain G81" 16S ribosomal RNA, partial sequence 97 0.0 97.33 126255.1

(1528/1528)
Chryseobacterium chaponense strain Sa 1147-06" 16S ribosomal RNA, partial 100 0.0 97.21 117501.1
sequence (1526/1526)
SH 25-4 Chryseobacterium jejuense strain JS17-8" 16S ribosomal RNA, partial sequence 100 0.0 98.93 044300.1
(1395/1395)
Chryseobacterium lactis strain KC1864'" 16S ribosomal RNA, partial sequence 99 0.0 98.39 126256.1
(1452/1452)
Chryseobacterium nakagawai strain G41" 16S ribosomal RNA, partial sequence 98 0.0 98.29 126257.1
(1376/1376)
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Isolate Description Query E- Max% Accession
Cover% Value Identity number

SH 19-2(b) Chryseobacterium chaponense strain Sa 1147-06" 16S ribosomal RNA, partial 100 0.0 97.03 117501.1
sequence (2320/2320)
Chryseobacterium carnis strain G81" 16S ribosomal RNA, partial sequence 100 0.0 97.70 126255.1

(2311/2311)
Chryseobacterium jeonii strain AT1047T 16S ribosomal RNA, partial sequence 100 0.0 96.85 025810.1
(2283/2283)

SH 11-4(b) Chryseobacterium chaponense strain Sa 1147-06" 16S ribosomal RNA, partial 98 0.0 96.80 117501.1
sequence (1568/3130)
Chryseobacterium yonginense strain HMD1043 T 16S ribosomal RNA, partial 96 0.0 97.25 108572.1
sequence (1537/3069)
Chryseobacterium antarcticum strain AT1013" 16S ribosomal RNA, partial 99 0.0 96.26 025809.1
sequence (1535/3063)

SH 40-3 Chryseobacterium chaponense strain Sa 1147-06" 16S ribosomal RNA, partial 100 0.0 96.47 117501.1
sequence (1547/1547)
Chryseobacterium yonginense strain HMD1043 T 16S ribosomal RNA, partial 97 0.0 96.92 108572.1
sequence (1592/1592)
Chryseobacterium carnis strain G81" 16S ribosomal RNA, partial sequence 97 0.0 96.81 126255.1

(1515/1515)
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Strain 1J 30-2 clustered tightly together with C. carnis which was isolated from human clinical
sources (Holmes et al. 2013) and this was supported by a high bootstrap value of 99% (Fig.
3.2). It also sub-clustered with C. solincola isolated from soil (Benmalek et al. 2010) and C.
treverense isolated from human blood (Yassin et al. 2010). The stability of this phylogeny was
also supported by the maximum likelihood tree (Fig. 3.3). The GenBank BLAST results for
16S rRNA gene sequences for these organisms in Table 3.3 correlated with the phylogenetic
results in that closely related species of the genus Chryseobacterium clustered tightly together
with the unidentified strains demonstrating very close relationships.

The 16S rRNA gene sequence similarity values of 99.8, 100 and 100% between SH 23-4, SH
30-1 and SH 28-3 respectively, supported their affiliation to the same species,
Chryseobacterium piscium, and this was also demonstrated on the two phylogenetic trees
(Figures 3.2 and 3.3).

Strains SH 11-3(a) and SH 11-3(b) clustered tightly together which was supported by a
bootstrap value of 89%. These strains also formed a sub-cluster with strains SH 20-4, SH 19-
2(b), SH 11-4(b) and SH 40-3 suggesting that they could belong to the same species even
though some of them had very low bootstrap values. All six isolates clustered with C.
yonginense isolated from a mesotrophic artificial lake (Joung and Joh 2011) as their nearest
phylogenetic neighbour. The 16S rRNA sequencing analysis also indicated that these six
strains might be regarded one or more novel species based on similarity percentages that
were lower than 98.7%.

Strains SH 23-4, SH 30-1 and SH 28-3 clustered tightly with C. piscium (Fig. 3.2 and Fig. 3.3)
which was isolated from fresh marine fish (de Beer et al. 2006). The 16S rRNA sequencing
data also indicated that these strains may be regarded as C. piscium because of their high
similarity values (99.89, 100 and 100%, respectively) to C. piscium (Table 3.3).
Chryseobacterium balustinum and C. scophthalmum both isolated from diseased fish
(Harrison 1929; Mudarris et al. 1994; Vandamme et al. 1994) formed a sub-cluster with C.
piscium (Fig. 3.2 and Fig. 3.3), however, it was weakly supported since the bootstrap re-

sampling values were lower than 70%.

Strain SH 25-4 clustered into the clade of the genus Chryseobacterium by forming a clear and
separate progeny amongst the most closely related species such as C. jejuense isolated from
soil samples (Weon et al. 2008), C. nakagawai isolated from clinical sources (Holmes et al.
2013) and C. aurantiacum isolated from a freshwater pond used for Murray cod culture (Luo
et al. 2018). Strain SH 25-4 was stably close to C. nakagawai and C. jejuense in both the NJ
and ML trees (Fig. 3.2 and Fig. 3.3), and the two type strains also showed highest percentage
similarity to strain 8_SH 25-4 on the basis of 16S rRNA gene sequences (Table 3.3). According
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Fig. 3.2. Phylogenetic analysis of the 11 Chryseobacterium
Chryseobacterium type species and outgroup (Elizabethkingia meningoseptica) based on 16S
rRNA gene sequences available from the GenBank database (accession numbers are given
in parentheses). Multiple alignments were performed and evolutionary distances were
computed using the Kimura 2-parameter method. Clustering was determined using the
neighbour-joining method in the MEGA version 7 software package (Tamura et al. 2016).
Bootstrap values >70%, based on 1000 replications, are given as percentages at the
branching points. Bar, 0.0050 substitutions per nucleotide position.
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