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Abstract
Sepsis is a serious clinical condition that is characterized by a systemic
inflammatory response syndrome resulting from a known or suspected
infection. The major clinical symptoms involve an abnormal WBC count,
elevated body temperature, respiration and pulse rate. Reported cases with high
mortality rate range between 13 - 20 million. In order to treat Sepsis, the
detection of bacteria in blood culture is extremely crucial. Treating patients
with broad spectrum antibiotics is usually related to adverse effects, drug
resistance, increased mortality, and high cost. In the past decades,
researches had detected that E. coli and S. aureus are the major role players
that cause sepsis. These microbes are molecularly tested by methods like
MALDI TOF, FISH and Microarrays.
In this analysis, DNA fluorescence in situ hybridization (FISH) assessment for
the identification of S. aureus, one of the most frequent blood pathogens, was
optimized in the labs of Högskolan i Skövde. As a result, the growth of S.
aureus was observed very carefully, optimizing the FISH procedure for gram
positive bacteria was done and the sensitivity, stability and specificity of the
DNA probe were examined under variant conditions like the continuous
decrease in the bacteria cells number and utilizing a mixture of different types
of bacteria cells.
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Abbreviations
BC

Blood culture

CFU/mL

Colony forming unit/milliliter

DAPI

4',6-diamidino-2-phenylindole

E. coli

Escherichia coli

FICH

fluorescein filter

FISH

Fluorescent in situ hybridization

HiS

Högskolan I Skövde

KSS

Kärnsjukhuset i Skövde

LB

Luria Broth

MALDI TOF
.

Matrix- assisted laser desorption ionizationtime of flight mass spectrometry

min

minute

MOD

multiple organ dysfunction

O.D

Optical Density

PBS

Phosphate Buffer Saline

PCR

Polymerase chain reaction

SIRS

Systemic inflammatory response syndrome

S. aureus

Staphylococcus aureus

S. pneumoniae

Streptococcus pneumoniae

WBC

White Blood cell

Introduction
Sepsis is a serious clinical condition that is characterized by a systemic
inflammatory response syndrome (SIRS) resulting from a known or suspected
infection (Levy et al., 2003). Each year, approximately 13-20 million patients
are diagnosed with severe sepsis worldwide (Tissari et al., 2010; Laakso et al.,
2011). Almost 135000 people in Europe die every year due to severe sepsis
(Tissari et al., 2010). Sepsis is demonstrating a high mortality and a high
occurrence rate, among 25% - 50% of the diagnosed patients die every year
(Laakso et al., 2011; Rangel-Frausto, 2005). Sepsis represented by acute organ
dysfunction, the presence of infection, and inflammatory response (Walter et
al., 2004). Most common clinical symptoms in patients with sepsis may
include white blood cells (WBC) <4000cells/mm³ or>12000 cells/mm³,
fever>38°Cor<36°C, respiration rate>20 breaths /min, and pulse >90/min
(Nguyen et al., 2006). If the infection and inflammation in an early stage are
not treated at the right time, they could lead to septic shock, severe sepsis, and
multiple organ dysfunction (MOD) then eventually the death of the patient
(Mancini et al., 2010). In magnitude, septic shock and sepsis possess the same
severe lethal effect as in other severe life threatening states i.e. stroke, trauma,
and acute myocardial infarction (Nguyen et al., 2006). When pathogens invade,
the body reacts with a hyper-immune response. The neutrophils and
macrophages in the blood release large amounts of Cytokines during intense
attacks causing the activation of the underlying coagulation pathway and
complement system resulting finally in the damage of the organ (StearnsKurosawa, et al., 2011).
Leading microbes that contribute to septicemia and sepsis syndrome belong to
Streptococcus spp., Enterococcus spp., Staphylococcus spp., Candida spp., and
Escherichia coli. (Weinstein et al., 1995; Wischnewski et al., 1998).
The identification of the causative agent in a clinical laboratory takes
minimally 48 hours, standard laboratory detection of bacteremia is usually
done a computed blood culture bottle, and that will take at least one day. In
case the blood culture bottle is detected positive, gram staining and
subculturing on agar plates is performed to identify the exact species of the
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bacteria, and that will take one or two days (Kempf et al.,2000; Jansen et al,
2000). In the mean while physicians treat the patients with broad-spectrum
antibiotics against pathogenic microorganisms, and that will lead to an
additional cost because the patients need to stay longer in the hospital.
According to several studies, there is a relation between the early detection of
the causative pathogen, the early treatment with effective antibiotics, and the
increased survival of the patients (Laakso et al., 2011; Wolk and Fiorello,
2010). Since different bacteria show different susceptibility against antibiotics,
a rapid identification of the bacteria is of high importance (Wellinghausen et
al., 2004). This is important to decrease the risk of antibiotic resistance, which
has become a serious problem in recent years (Wellinghausen et al., 2004).

The modern techniques for quicker identification and detection of bacteria in
positive blood cultures are real-time PCR, Matrix- assisted laser desorption
ionization- time of flight mass spectrometry (MALDI TOF), fluorescence in
situ hybridization (FISH) and Microarrays (Mancini et al., 2010).
FISH is a method that’s rapid, accurate, and simple to operate. It’s used for the
direct identification of pathogens from positive blood culture bottles. FISH
bypasses nucleic acid amplification step resembles that of PCR, and thus the
odds of having contamination are less (Volkhard et al., 2000). DNA probes
with fluorescent dyes are utilized In order to identify target sequences, and are
supplement to the target DNA sequence. The DNA probes utilized in FISH
adopt Watson Crick base pairing (Moter & Goebel et al., 2000). The most
frequently target molecule utilized for the identification of bacteria in FISH is
16S rRNA.16S rRNA is a feature of the small subunits of the bacterial
ribosome. It’s genetically very stable, and its domain structure involves
variable and conserved regions that may be utilized for probes targeting
various taxonomic levels of bacteria. In addition to that, 16Sr RNA has a high
copy number which makes it an appropriate target (Clarridge, 2004; Möter &
Göbel, 2000).
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This treatise project is a part of a highly ranked Project entitled “Community
acquired severe sepsis and septic shock in adults in Skaraborg, Sweden” that’s
being fulfilled through the association of Högskolan I Skövde (His) and
Unilabs AB Sweden and Skaraborg hospital (SkaS).The treatise projects is a
launching point for approving FISH as one of the molecular methods to be
employed in Unilabs AB, to attain a more precise and preceding identification
of microbes the positive blood culture sample of patients who had sepsis.
The major objective of this project is to establish molecular methods in the
direction of a quicker and more precise identification of the etiologic agents in
human samples that are leading to Sepsis and affirm that the new methods are
more financially adaptable considering available methods i.e. The blood
culture system and MALDI TOF. The fluorescence in situ hybridization
(FISH) method will be utilized to localize and distinguish the absence or
presence of S. aureus by utilizing a DNA probe. The optimizing of the FISH
technique in gram positive bacteria demands the Permeabilization of the cell
wall that is so thick in gram positive bacteria in order to make it possible for
the probe to get inside the bacteria and bind to the target DNA. Then examine
the particularity of the probe to distinguish only S. aurues in a mixture of
various types of bacteria which S. aureus is one of them.
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Materials and Methods
2.1 Culturing of S. aureus
S. aureus strain CCUG 43764 (Unilabs AB) was used in this study, and
cultured on Blood agar. The plates were then incubated overnight at 37ºC. The
S. aureus worked as a pet in the entire lab experimentation.

2.2 Growth of bacteria
One S. aureus colony strain CCUG 43764 was extracted and transferred into
10ml of LB broth (5g yeast, 10g tryptone, and 10g NaCl per liter), and kept
overnight in a shaking incubator at 37ºC and 120 rpm. Next day 1ml from
overnight broth culture was inoculated in 100ml LB broth at 37ºC and 120
rpm, every hour 1 ml was taken for a total of 8 hours until the stationary phase
of the bacterial growth was reached. Measuring the optical density (OD) at a
wavelength of 600nm was done utilizing a WPA CO8000 cell density meter
(Saveen & Werner) to determine the growth of the bacteria every hour. When
the OD600 reading was >1,

dilutions were made to adjust for high cell

density. In order to determine the Colony forming unit /milliliter (CFU/ml) and
count the colonies, the same samples were diluted using 1x phosphate buffer
saline PBS. The samples were similar to those that were used for the
measurement of the OD in order to assess the growth curve. Following an
overnight incubation, colonies were counted at 37ºC in order to estimate the
CFU/ml corresponding to every hour of S. aureus growth.

2.3 Fluorescence in situ hybridization
2.3.1 Permeabilization
The DNA probe Saureus2FISHTX (Table 1) was used for the detection of S.
aureus strain CCUG 43764. The target molecule for the Saureus2FISHTX
probe was 16S rRNA. The 16S rRNA is most commonly used as target
molecule for FISH in the identification of bacteria. It is a component of the
bacterial ribosome small subunit. It possesses a high genetic stability and its
4

domain structure includes conserved and variable regions that can be used for
probes targeting different taxonomic levels of bacteria. Furthermore, 16S
rRNA is a suitable target because of its high copy number (Clarridge, 2004;
Möter & Göbel, 2000). In each experiment the probe EU338flour (Table 1)
was used as a positive control because it can bind to all bacteria.

Table 1. List of probes that used during the experiment.
Probe name
Saureus2FISHTX

a

SaureusFISHTX1

EUB338

flour c

b

Chemistry

Mods5'

Tm DNA sequence

DNA Oligos

Tex red via
Amine C6

60

GAAGCAAGCTTCTCGTCC
G

DNA Oligos

Tex red via
Amine C6

48

GCT TCT CGT CCG TTC

DNA Oligos

FICH
fluorescein

60

GCTGCCTCCCGTAGGAGT

a

(Trebesius et al., 2000) (BioNordika).
(Kempf et al.,2000; Jansen et al, 2000) (BioNordika).
c
(Amann et al., 1990) (BioNordika).
b

One S. aureus colony was chosen and diluted using 100µl PBS followed by
taking 20µl from the sample diluted for streaking onto a glass slide and left to
dry at 80ºC. Sample was fixed using a few absolute methanol drops, then for
permeabilization step, two assays were chosen and tested. One Step
Permeabilization Assay (Poppert et al., 2012), using lysis Reagent (15 mg/ml
lysozyme (Sigma), 0.1 mg/ml lysostaphin (Sigma), 20mM Tris–HCl at pH
7.0), and Two Steps Permeabilization Assay (Yan et al., 2008), using first
lysozyme (15 mg/ml lysozyme (Sigma), in 20mM Tris–HCl at pH 7.0) then
Lysostaphine (0.1 mg/ml lysostaphin (Sigma), 20mM Tris–HCl diluted in
PBS). Then the slides were placed in a Hybridization buffer (30% formamide
(BioRad), 0.9M NaCl, 0.01% SDS, a 1µM probe, 20mM Tris–HCl at pH 8.0),
and incubated in PNA FISH workstation (AdvanDX) at 47ºC. Then the slides
were incubated with washing buffer (0.9M NaCl, 0.01% SDS, 10mM EDTA,
20mM Tris–HCl pH 8.0) in a water bath at 47ºC for 10 min. The negative
control included the slides that went through all the pervious steps but without
5

adding the S. aureus bacteria, In order to make sure that the slides were not
contaminated and the probe did not bind to any component that have been use
during the experiment. The slides where mounted with VectaShield Hard Set
Mounting Medium with 4',6-diamidino-2-phenylindole (DAPI) (Vector
Laboratories) and examined using a Leica DMRA fluorescence microscope.

Results and Discussion
Sepsis is a critical clinical state and it is extremely crucial to identify the
causative type of bacteria as quick as possible. A usual diagnosis could take
three days before giving any identification. Therefore, there is an urgent need
to come up with more advanced methods that provide a quicker identification
and examination of the bacteria in the blood samples. In this report, a protocol
was established in order to detect one of the most frequent blood pathogens
S.aureus utilizing FISH.
3.1 Growth of bacteria

To detect the sensitivity of the DNA probes utilized in the FISH, it is important
to parallelly estimate the growth curve of S. aureus and the CFU/ml. The S.
aureus growth in LB medium was initially tested by calculating the
OD600 value and counting the CFU/ml of a thriving culture of bacteria. Two
of the performed experiments results are depicted (Figure 1). The S. aureus
grew slowly in the lag phase during the first hour. The lag phase is
characterized by a very small increase in cell number, that is due to the
bacteria’s adaptation to the new medium and preparation for cell division, but
later on the cultures, the bacteria portrayed an integral growth until the sixth
hour during the log phase. During the seventh hour the growth went slow. At
the eighth hour, the growth practically stopped according to the results of the
OD, but the cells number was still increasing. This result was contrary to what
was expected, because the OD results should be directly proportional to the
number of cells.
6

Figure 1: Portrays the growth of S. aureus in LB media calculated OD600 and CFU/ml.
The experiment and growth were performed two times and the outputs were nearly the
same, the figure shows the average of both.

3.2 Fluorescent in situ hybridization

3.2.1 Permeabilization
The Permeabilization step includes two enzymes, Lysozyme and Lysostaphin.
The Lysozyme is a small enzyme that attacks the protective cell walls of
bacteria. Bacteria build a tough skin of carbohydrate chains, interlocked by
short peptide strands, lysozyme functions by attacking peptidoglycans found in
the cell walls of bacteria, especially Gram-positive bacteria and hydrolyzes the
glycosidic bond that connects N-acetylmuramic acid with the fourth carbon
atom of N-acetylglucosamine (McKenzie et al., 1991). Lysostaphin is capable
of cleaving the crosslinking pentaglycin bridges in the cell wall of the
Staphylococci (Schindler et al., 1964).
This report shows that the One Step Permeabilization Assay (Poppert et
al., 2012) has shown a high effectiveness in permeabilizing the S. aureus cells.
All bacterial cells on the slides are permeabilized and the probe
Saureus2FISHTX penetrated the cells and bound to the complementary target
DNA (Figure 2). This indicated that the Permeabilization step was successful
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in breaking the thick cell wall found in the S. aureus , which is also one of the
project's

aims.

The Two

Step

Permeabilization

Assay (Yan et

al.,

2008) showed less effectiveness in permeabilizing the bacterial cells (Figure
3), for this reason the One Step Permeabilization assay (Poppert et al., 2012)
was utilized throughout the rest of the lab work during the project.

Figure 2: FISH of S. aureus (One Step Permeabilization)
(A): DAPI binds to any bacterial DNA and produces a light, hence indicating a
presence of bacteria. The green is considered a FICH fluorescein filter, the overlay
shows the two images, for both the DAPI and the FICH fluorescein, both in one image.
The negative control is a slide without bacteria, the positive is the utilized probe
EU338flour which binds to any bacterial DNA but after the process of permeabilizing
the bacteria.
(B): DAPI binds to any bacteria DNA and produces a light, hence indicating a
presence of bacteria. Tex is the Tex Red filter. The negative control is a slide without
bacteria, sample signifies the combination of bacteria with the Saureus2FISHTX probe
that utilizes Tex Red as fluorescent, and binds particularly to the S. aureus bacteria.
The overlay shows the two images ,for both the DAPI and the Tex Red, both in one
image. In both Groups. DAPI, 4’,6-diamidino-2-phenylindole. FISH, Florescence in situ
hybridization.
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Figure 3: FISH of S. aureus (Two Step Permeabilization)
(A): DAPI binds to any bacterial DNA and produces a light, hence indicating a
presence of bacteria. The green is considered a FICH fluorescein filter, the overlay
shows the two images, for both the DAPI and the FICH fluorescein, both in one image.
The negative control is a slide without bacteria, the positive is the utilized probe
EU338flour which binds to any bacterial DNA but after the process of permeabilizing
the bacteria.
(B): DAPI binds to any bacteria DNA and produces a light, hence indicating a
presence of bacteria.Tex is the Tex Red filter. The negative control is a slide without
bacteria, sample signifies the combination of bacteria with the Saureus2FISHTX probe
that utilizes Tex Red as fluorescent, and binds particularly to the S. aureus bacteria.
The overlay shows the two images ,for both the DAPI and the Tex Red, both in one
image. In both Groups. DAPI, 4’,6-diamidino-2-phenylindole. FISH, Florescence in situ
hybridization.

3.2.2 Optimizing of probe binding
While observing the bacteria microscopically, it was noticed that the level of
brightness in the sample when using the Saureus2FISHTX probe was less than
the level seen in earlier experiments but the brightness level in the positive
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control when using the EU338flour probe was normal. In order to increase the
brightness, adjustments of some parameters had to be done. One parameter was
changed every time and any difference in the brightness level was monitored.
First, the formamide concentrations used in the experiment were changed.
Formamide is used to lower the melting point and annealing temperature of the
nucleic acid strands (McConaughy et al., 1969) and the examined
concentrations were (10%, 20% and 40%). This change did not increase the
level of brightness (not shown). Then the time of the hybridization was
increased the tested times were (15 min, 20 min and 25 min). Changing the
times did not increase the level of brightness (not shown). A different probe
known as SaureusFISHTX1 (Table1) was introduced. The new probe did show
more brightness, but it was still considered less compared to that of the pictures
from previous studies. According to the manufacturer of the mounting media,
the DAPI substance found in the Mounting Medium could be reducing the
brightness, therefore it was replaced with the Mounting Medium without DAPI
(Vector Laboratories). This modified procedure was used, and the One
Step Permeabilization Assay (Poppert et al., 2012) was followed for preparing
the slides, the slides that were mounted using a mounting media with no DAPI
showed great brightness (Figure 4).

Figure 4: FISH of S. aureus. Both slides mounted with mounting media without DAPI,
in positive control (A) the EU338flour probe have used, in sample(B) the
SaureusFISHTX1 was used. DAPI, 4’,6-diamidino-2-phenylindole. FISH, Florescence
in situ hybridization.

3.2.3 Sensitivity

In order to test and verify the sensitivity of the DNA probe, S. aureus was
collected from exponential phase of growth and diluted up to 101 CFU/ml.
From each dilution 10µl was taken on each slide and smears were made. DNA
10

Probe SaureusFISHTX1 worked well and detected S. aureus done to 100
bacterial cells per ml (Figure 5). Similar results were obtained in a previous
study, where the used probe was a PNA probe (Humayun Iqbal, 2012, thesis
work).

Figure 5: Sensitivity of the SaureusFISHTX1 probe. Various dilutions of FISH stained
S.aureus. For such large amount of bacteria the staining is clear, but it's highly
unspecific for lower amounts. DAPI, 4’,6-diamidino-2-phenylindole, Tex, Texas Red.

3.2.4 Specificity

Experiments were conducted in order to verify the specific binding of the
SaureusFISHTX1 probe to the DNA of S. aureus and not to other types of
bacteria. In the first set of experiments, the probe was set to react with one type
of bacteria E. coli or S. pneumonia. The One Step Permeabilization
Assay (Poppert et al., 2012) was followed for preparing the slides that contain
S. pneumonia and the slides fixed without Permeabilization step when the E.
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coli used because it’s gram negative bacteria and have thin a cell wall. The
slides where mounted with VectaShield Hard Set Mounting Medium without
DAPI (Vector Laboratories) and examined using a Leica DMRA fluorescence
microscope. The bacteria was present when using the FICH filter, but when it
was replaced by the Tex Red filter, no light was observed, which means that
the probe didn’t bind to the bacteria (figure 6,7).

Figure 6: FISH of E. coli. Both pictures for the same section but the blue one using
DAPI filter and the red one using Tex Red filter. DAPI, 4’,6-diamidino-2-phenylindole.
FISH, Florescence in situ hybridization.

Figure 7: FISH of S. pneumonia Both pictures for the same section but the blue one
using DAPI filter and the red one using Tex Red filter. DAPI, 4’,6-diamidino-2phenylindole. FISH, Florescence in situ hybridization.

The second set of experiments involved the SaureusFISHTX1 reacting with a
mixture of bacteria (E. coli, S. aureus, S. pneumoniae). The One
Step Permeabilization Assay (Poppert et al., 2012) was followed for preparing
the slides. The slides where mounted with VectaShield Mounting Medium with
DAPI (Vector Laboratories) and examined using a Leica DMRA fluorescence
microscope. The E. coli could not be observed using the DAPI filter (not
shown), this could be because that the permeabilization destroyed the bacterial
cells, since the cell wall is very thin in the gram negative bacteria. While
comparing the images when using a DAPI filter then when replaced with the

12

Tex Red filter for the same section, it was observed that the S. aureus, and S.
pneumoniae types of bacteria appeared under DAPI yet only S. aureus showed
under Tex Red which means the probe is specific to the S. aureus and it didn’t
bind to the S. pneumonia (figure 8). It is easy to differentiate between them
because the S. aureus appears more clearly under the DAPI filter while the S.
pneumoniae appears less clear and in most cases the S. pneumoniae appears
like two adjacent cells.

Figure 8: FISH of mix of bacteria E. coli, S. aureus, S. pneumonia. Both pictures for
the same section but the blue one using DAPI filter and the red one using Tex Red
filter, 4’,6-diamidino-2-phenylindole. FISH, Florescence in situ hybridization.

Another study (Juliane Strietz, 2012, Project work) has established the
usefulness of using a DNA probe in the detection of E. coli. The probe works
specifically, and its sensitivity is down to the concentration of 1000 cells per
ml.

Another study (Humayun Iqbal, 2012, thesis work) has established that using a
PNA probe is useful for the detection of S. aureus, the probe works pecifically,
and its sensitivity is down to the concentration of 100 cells per ml. The PNA
probes are more stable, enter the cell more easily and have a stronger and more
rapid ability to hybridize than the DNA probes, but they cost twice as much
which makes them more expensive than the DNA probes (Stender et al., 2002).
The total cost for a PNA FISH equipment is about $6111 USD , and the probe
kit costs approximately $1044 USD/50 tests (AdvanDX MA USA., 2012). If
the usage of a DNA probe in FISH method was optimized carefully, taking into
account the stability of the probe, then it will be economically more beneficial
than using the PNA probe. MALDI-TOF is the method with the lowest cost of
13

the

molecular

techniques,

costing

only

$2USD

/test,

and

it

differentiates among several pathogens through the aid of large data bases, yet
it is not sensitive enough to accurately perform clinical diagnosis (Gorton et
al., 2011).

Conclusion
This study reports that One Step Permeabilization Assay has shown high
effectiveness in permeabilizing the S. aureus cells and helping the DNA Probes
to enter the bacterial cells and bind to its target DNA. The FISH method
can diagnose the bacterial infection in patients with suspected sepsis in a
shorter time. These results show that the SaureusFISHTX1 probe had high
sensitivity as it could detect the S. aureus up to 102 CFU/ml

and

bound specifically to S. aureus only.

Future prospects
It's beneficial to start testing this method on clinical specimens for individuals
who had sepsis in their blood. This will help to compare the obtained resulted
with the original results in order to know the matching rate among them. If the
matching rate is high then it's possible to start thinking about utilizing the FISH
technique in the laboratory in order to get rapid results at a low cost.
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Appendix 1

The probe SaureusFISHTX1 was utilized to bind to 16s rRNA of S. aureus and
this is confirmed by blasting the probe against S. aureus DNA.
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Appendix 2

The probe Saureus2FISHTX 1 was utilized to bind to 16s rRNA of S.
aureus and this is confirmed by blasting the probe against S. aureus DNA.
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Appendix 3

Overview of the working steps for the S. aureus growth analysis.
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