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Sammanfattning
Legionella bakterier kan orsaka både legionärssjuka och Pontiac feber. Legionärssjuka
drabbar främst personer med dåligt immunförsvar och kan leda till döden. Eftersom
Legionella bakterier lever i vatten och trivs bra i konstgjorda vattensystem som termostater,
luftfuktare och bubbelpooler finns behov av en detektionsmetod för Legionella i så väl patient
som miljöprover. Legionella genuset består av åtminstone 48 arter av vilka hälften orsakar
sjukdom hos människor. Studier har visat att ungefär 90 % av Legionella-positiva
patientprover har varit L. pneumophila. Av de 15 serogrupper som finns av L. pneumophila
dominerar serogrupp 1.
Målet med detta projekt var att konstruera en tvådelad detektionsmetod för Legionella baserad
på RNas P RNA genen rnpB. Metoden inleds med sanntids PCR för detektion av Legionella
och L. pneumophila. Efterföljande pyrosekvensering av PCR fragmenten möjliggör separation
av art och serogrupp. I praktiken var detta svårt att genomföra eftersom Legionella
genusspecifika sekvensregioner i rnpB liknar sekvenser för icke-Legionella arter. Detta gör att
det är svårt att konstruera en genusspecifik PCR vilket krävs för att undvika detektion av
andra bakterier. Ett mer realistiskt mål är att bara försöka detektera medicinskt viktiga arter
med sanntids PCR.

Examensarbete 20 p i Molekylär bioteknikprogrammet
Uppsala universitet Februari 2004
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1 Introduction
1.1.1 Legionella bacteria
Legionnaires’ disease was first reported in 1976 when people staying at a hotel in
Philadelphia hosting an American Legion convention, suffered from an unusual kind of
pneumonia. Of the 187 legionnaires that became ill, 29 died as a result of the infection (2).
The discovery led to the identification of an unknown family of bacteria called Legionella.
Serological studies have revealed that Legionella bacteria also caused an influenza-like illness
called Pontiac fever, a disease that was discovered earlier. But unlike legionnaires’ disease
Pontiac fever is almost never life threatening. These two conditions are called legionellosis
and are both caused by the same family of bacteria.
Small amounts of Legionella normally occur in different kinds of water habitats such as
rivers, lakes, thermal pools and ground water where they live as parasites inside various
protozoa (4). But in manmade water systems like thermostats, Legionella can propagate into
higher numbers. The bacteria can be spread by humidifiers, air-conditioners, evaporative
condensers, whirlpools and fountains. People get infected when small contaminated water
droplets are inhaled. When the bacteria have reached the lungs they can enter into
macrophages and monocytes where they can propagate and cause inflammation.
Symptoms like weakness, headache, fever, myalgia, rigors and cough are typical for
legionellosis. Pleuritic pain is typical for patients suffering from Pontiac fever while
dyspnoea, haemoptysis, upper respiratory tract infection, sputum production and abdomal
pain are typical for legionnaires’ disease. Unlike Pontiac fever, the risk of getting
legionnaires’ disease is dependent of the condition of the immune system at the time of
infection. Immune-suppressed people like those with lymphoma, leukaemia, congestive heart
failure and AIDS are more vulnerable. Cigarette smoking, increased age and recent major
surgery are other contributing risk factors.
Legionella are structurally gram-negative rod shaped bacteria approximately 0.3-0.9 µm wide
and 1-3 µm long. They are nutritionally picky and strictly aerobic. Today there are at least 48
known Legionella species, of which half of them are believed to be human pathogens (5).
Studies of clinical isolates of Legionella from patients showed that over 90 % of the isolates
were Legionella pneumophila and about 84 % were L. pneumophila serogoup 1 (18). Other
Legionella species that were proved to be human pathogens were L. anisa, L. bozemanii, L.
dumoffi, L. feeleii, L. longbeache L. micdadei and L. wadsworthii.
1.1.2 Detection of Legionella
Legionella bacteria have certain growth requirements and are therefore grown on Buffered
Charcoal Yeast Extract (BCYE) agar with added L-cysteine and iron (2). Cysteine is
necessary since it can not be produced by the bacteria itself. Bacteria growing on BCYE with
cysteine but not on BCYE without are probably Legionella. Often α-ketoglutarate is added
since it augments growth.
Culture is a standard method used for diagnosis but a major drawback with the method is that
it is very time consuming. Therefore, other methods for Legionella detection have been
developed (5, 8). Detection of antigen in urine is a more rapid method but is limited to only
detecting L. pneumophila serogroup 1. Serological methods are often used for routine
diagnostics to target antibodies in sera that are directed towards Legionella epitopes. A
problem with serological diagnosis is to define criteria for clinical significance of detected
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antibodies. Another concern is unspecific crossreactive antibodies reacting with Legionella
antigens. Furthermore, since it takes time to develop an antibody response and paired samples
are required for proper examination, serology is hampered by time.
A different approach is to take advantage of gene sequence variations, both within the
Legionella genus and compared to other organisms. Assays with real-time PCR have been
created with genes like 16S-RNA (14, 15) and mip (macrophage infectivity potentiator) (15,
17). In order to construct a real-time PCR that target the entire Legionella genus, it is
necessary to have sequence data for all Legionella species. 16S is a large gene with more than
1500 base pairs, and a lot of laborious sequencing is therefore required. Another disadvantage
with 16S is that different versions of the gene have been observed within the same genome
(11). If there is more than one target gene within the genome, there is a risk of sequence
heterogeneity which might lead to ambiguous sequencing results. No determination of the
copy number for 16S in Legionella has yet been done.
The mip gene codes for a surface protein that is present in almost all Legionella species. The
protein is rare in other organisms but occurs in other intracellular living bacteria like
Chlamydia (9) and Trypanosoma (1). Since the mip gene is present in few genera, the risk of
getting interfering PCR products from organisms other than Legionella is small. The mip gene
shows great variation within the Legionella genus which enable species differentiation (13).
However, the sequence is so variable that it is hard to find suitable regions for genus-specific
primers and probes used in PCR assays.
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Figure 1. Secondary structure model of RNase P RNA for L. israelensis and L. pneumophila serogroup 1. The
three variable regions are indicated as P3, P12 and P16. Illustration used with permission from Carl-Johan Rubin
Department of clinical microbiology, Uppsala university hospital.
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1.2 The rnpB gene
The rnpB gene is approximately 400 nucleotides long and codes for the RNA part of the
ribozyme RNase P. The other half of the ribozyme complex is built up by a protein of about
120 amino acids in size that is encoded by rnpA. The function of RNase P is to activate
immature t-RNA precursors, an activity that the RNA molecule can do without the protein
moiety. Since the function of RNase P is essential, the rnpB gene is present in the genome of
all organisms. An advantage for detection of bacteria is that rnpB is a single copy gene and
there is therefore no risk of amplifying several different rnpB sequences which might cause
ambiguous results. Previous studies have shown that rnpB is suitable to separate different
species of Chlamydia (7) and Streptococcus (16).
Structurally RNase P RNA has strictly conserved regions that are believed to be necessary for
the catalytic activity (6). Apart from the conserved regions there are many highly variable
loops that can differ in both sequence and length. These variable loops are believed to be
important for the structure. Alterations of the loop regions have been shown to destabilize the
molecule (12). In the Legionella genus there are mainly three loop regions of RNase P RNA
that vary between the species; P3, P12 and P16 (figure 1). The P3 and P12 loops vary both in
size and sequence while the P16 loop only varies in sequence.
Before this project work, efforts have been made to determine the rnpB sequence for 40
Legionella species and serogroups by Carl-Johan Rubin at Department of clinical
microbiology, Uppsala university hospital. Sequence analysis revealed that the sequence
similarity within the Legionella genus ranged from 75.1-100%. The only species impossible
to separate by using rnpB are L. micdadei and L. maceachernii. Based on the sequence
information, two probes and two primers (leg intoP3 and Leg p16 ny R) were designed in
order to specifically amplify and detect the Legionella genus (figure 2). The leg probe F was
constructed to bind to all Legionella species without unspecific annealing to non-Legionella
species, while the pn R-probe was designed to specifically bind to L. pneumophila. Even if
non-Legionella species despite all would be amplified when using the primer pair, such
bacteria are unlikely to give signal in the real-time PCR due to the Legionella specific probe.
P3
loop

P12
loop

P16
loop

3’

5’

5’

3’
Legionella genus-specific probe, leg probe F
L. pneumophila specific probe, pn R-probe

Figure 2. Experimental setup for real-time PCR with the primers (arrows) leg intoP3 (left arrow) and Leg p16 ny
R (right arrow), and probes (thick lines) with flourophores (stars) and black hole quencher (black dot). The
variable loop regions are green.
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1.3 Real-time PCR
Real-time PCR is a new generation of PCR that can measure amplification during the run and
thereby quantify the number of target copies in a sample. This technique saves a lot of time
since it is not necessary to analyze the samples afterwards with gel electrophoresis. Other
advantages are high detection sensitivity and increased specificity since the signal is
dependent on a probe in addition to a primers pair. There are several variations of real-time
PCR, but only the one used in this work will be described.
Like with a conventional PCR it is necessary to have a forward and a reverse primer. In
between the binding sites of the primers there is a binding site for at least one probe. The
probe has a fluorophor in the 5’ end and a quencher that is either internal or attached to the 3’
end. It is essential that the melting temperature for the probe is higher than the melting
temperature of the primer, since it is important that the probe is bound when the primer is.
Another important condition is that the polymerase has a 5’ exonuclease activity. If the
experiment setup works properly, the polymerase degrades the probe during the amplification.
The distance between the released fluorophor and the quencher becomes longer when the
probe is degraded. With the increased distance the quenching effect is diminished and the
fluorescence can be detected.
1.4 This project
Legionella infections have high mortality rate among people with suppressed immune system.
Therefore it is essential to have a swift method to analyse clinical samples in order to
optimize treatment. There is also a need for a method that can detect Legionella in water
samples from e. g. thermostats in hospitals. With such a method it would be possible to detect
Legionella before there is an epidemic outbreak and to locate the source of an epidemic. Since
the virulence for different species varies, it is also important to have a method that can
distinguish between the different species of Legionella. Many methods used today can only
detect the most important species and can hardly separate the serogroups of L. pneumophila.
In this work the possibilities of creating a new method for detection of Legionella with all
these qualities mentioned earlier has been evaluated. In practice it is a two step method that
begins with a real-time PCR step where it is possible to specifically detect the Legionella
genus and at the same time distinguish L. pneumophila from other Legionella spp. With
additional pyrosequencing of the PCR fragments, it would be possible to separate almost
every species based on sequence differences.
In order to create the real-time PCR assay it, is necessary to have a Legionella genus-specific
PCR. The work therefore began with an evaluation of the available primer pair leg into P3 and
Leg p16 ny R. Many PCR parameters like annealing temperature, temperature step times,
number of cycles, concentration of primers, probes and MgCl2 had to be optimized in order to
amplify the Legionella specifically. The annealing temperature was easily optimized with
temperature gradient PCR, which is like an ordinary PCR except that temperatures in the PCR
program can be varied for parallel samples. With a temperature gradient PCR it was easy to
see at which annealing temperature the amplification is hindered, and thereby estimate the
melting temperature for a template with a certain primer.
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During the optimization, a few representative species from the Legionella genus and a few
non-Legionella that are either closely related or occur in the same environment were used.
When it was time to evaluate the primers and the optimization, every Legionella species and
with every non-Legionella species of interest needed to be tested. If a primer pair was not
good enough new primers were constructed.
The next step was to run real-time PCR experiments at the optimized conditions. In order to
detect Legionella species, the genus-specific primer pair was used along with a genus-specific
probe. For detection of L. pneumophila, the same primer pair was used together with a L.
pneumophila specific probe. The next step was to optimize the probe concentrations with the
real-time PCR. At first there was only one probe in each reaction since one probe might
disturb the activity of the other. Final real-time PCR experiments would reveal whether it is
possible to have both probes in the same reaction.
The idea was to purify the fragments achieved from the PCR and analyze them further with
pyrosequencing in order to determine the exact Legionella species. If the method worked
properly, it would be possible to quickly determine if L. pneumophila or any Legionella is
present in a sample based upon the sequence differences within rnpB. The final part of this
study involved an evaluation of the method by verification of clinical samples.
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2 Method
2.1 Bacterial strains
Reference strains of Legionella (Appendix) were acquired from CCUG (Culture Collection,
University of Göteborg) and SMI (Swedish Institute for Infectious Disease Control). To
minimize the risk of detecting other bacteria than Legionella, several other species were tested
(table 1).
Table 1. Different bacteria that were tested in order to see if the assay was Legionella specific.

Strain
Coxiella burnetti
Enterobacter cloacae
Escherichia coli
Haemophilus influenzae
Klebsiella oxytoca
Moraxella catarrhalis
Neisseria pharyngitidis
Pseudomonas aeruginosa
Pseudomonas fluorescens
Staphylococcus aureus

CCUG
6323
24
23945
15717
353
17619
1253
1800

ATCC
13047
11775
33391
13182
25238
27853
13525
12600

2.2 DNA preparation
The Legionella bacteria were grown on Buffered Charcoal Yeast Enriched (BCYE) agar
(Oxoid) at 37°C with 5% CO2 for 3-5 days. In order to avoid drying of substrate the plates
were wrapped in plastic. The blood plates used for cultivation of K. oxytoca, P. fluorescens
and S. aureus were made from blood agar base containing horse blood (Acumedia). M.
catarrhalis was cultivated on haematin plates, Colombia agar (Acumedia). Bacterial colonies
were picked from plates and resuspended in 750 µl water. The bacteria were centrifuged for
10 min at 6000×g. The supernatants were removed and the pellets were resuspended in 500 µl
Tris-HCl pH 8. The bacteria were heated in a heatingblock for 30 min at 80°C and centrifuged
for 10 min at 16000×g. The supernatants were removed again and depending on the amount
of cells, 100-200 µl water was added with equal volume of chloroform. The samples were
then vortexed thoroughly for 1 min and then centrifuged for 2 min at 16000×g. The
supernatants containing the DNA were transferred into a new tube and stored.
2.3 PCR
The total reaction volume was 25 µl (sometimes doubled to 50 µl). Each sample contained
200 nM dNTP (Amersham Pharmacia biotech Inc), 1x PCR Buffer (Qiagen), 0.5 mM MgCl2
(Qiagen), 0.2-0.4 µM of each primer and 0.75 ×U (1.5 ×U when 50 µl reaction volume)
HotStarTaq DNA Polymerase (Qiagen). The standard amount of template was 2.5 µl. During
this work several primers were tested (table 2).
Two different temperature profiles were used. The standard method began with activation of
enzyme at 95°C for 15 min. Then there were 45 cycles with a denaturation at 95°C for 30 s,
annealing for 30 s and finally 72°C for 40 s. The cycles were followed by an elongation step
at 72°C for 7 min before a constant hold at 4°C.
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Another temperature program was used for leg pre F in order to compensate for mismatches.
It started with enzyme activation at 95°C for 15 min, followed by 5 cycles of denaturation at
95°C for 30 s, annealing at 45.0-50.4°C for 30 s and final elongation at 72°C for 40 s. This
was followed by 5 cycles that were identical to the previous ones except for an annealing
temperature between 47.0 and 54.4°C. This was followed by 35 cycles with a third annealing
temperature that was between 55.0 and 70.5°C. The cycles were followed by an elongation
step at 72°C for 7 min before a constant hold at 4°C.
Table 2. The primers used for detection of Legionella. Some positions in the primers are degenerated. The ones
used here are R (A and G), Y (C and T), S (C and G) and N (A, T, G, and C). I stands for inosine which is a
“base” that does not bind to the complementary strand.

Primer
leg intoP3
Leg p16 ny R
Leg S R1
Leg S R2
Leg S R3
Leg S R4
Leg S R5
leg pre F
leg p16 S R
leg RP1
leg RP2
leg pneu F
leg lm F

Type
Forward
Reverse
Reverse
Reverse
Reverse
Reverse
Reverse
Forward
Reverse
Reverse
Reverse
Forward
Forward

Sequence
5’-TCGGTCAGGCAATCGCTCYTT-3’
5’-CCCGAATCCCITRYGGGYC-3’
5’-CGAATCCCGTAYGGGICATACG-3’
5’-GARTCICGTGYGGGTCACACG-3’
5’-AATCCCGTICGIGCCGCACG-3’
5’-AATCCCATGCGIGCCGCATG-3’
5’-CCGAATCCCATGTGGGTCAYATG-3’
5’-SCTRGGCACTCTGCTANTATT-3’
5’-CCGAATCCCITRYGGGYC-3’
5’-TGTCDIGGRCAAYCATTCATCT-3’
5’-GGGTTCTGTCDIGGRCAA-3’
5’-CCTGIGCACTCTGCTAATATT-3’
5’-GSTAGGCACTCTGCTAITATT-3’

2.4 Sequencing
In order to obtain genus-specific target regions, DNA fragments covering the promoter region
upstream of rnpB were sequenced. Special primers were used for that purpose and are shown
in table 3.
Table 3. Different primers used for sequencing upstream rnpB. Some positions in the primers are degenerated.
The ones used here are R (A and G), W (A and T) and N (A, T, G, and C).

Primer
flanking primer 1
flanking primer 2
flanking primer 3
flanking primer 4
flanking biotinylated
Leg. gsp1 F Biotin
Leg. gsp2 F
Leg. gsp3 F

Sequence
5’-CAGTTCAAGCTTGTCCAGGAATTCNNNNNNNGGCCT-3’
5’-CAGTTCAAGCTTGTCCAGGAATTCNNNNNNNGCGCT-3’
5’-CAGTTCAAGCTTGTCCAGGAATTCNNNNNNNCGCGT-3’
5’-CAGTTCAAGCTTGTCCAGGAATTCNNNNNNNCCGGT-3’
5’-biotin-CAGTTCAAGCTTGTCCAGGAATTC-3’
5’-GTCTTGCTCCRAGTGGGGTT-3’
5’-GCTCTTACCGCACCWTTTCA-3’
5’-GGTATATTTTCTGTGGCACTTT-3’

The Leg. gsp1 F Biotin, Leg. gsp2 F and Leg. gsp3 F are reverse primers that bind to
sequences in the beginning of rnpB (figure 3). Leg. gsp3 F binds closest to the promoter
region and Leg. gsp1 F Biotin furthest away from the promoter region. Each flanking primer
has a random 3’ end and is designed to anneal to every 1000 nucleotide in the genome. So
when a flanking primer and Leg. gsp1 F were used in a PCR there was a chance that a
fragment covering the sequence just before rnpB was obtained.
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Upstream rnpB

Within rnpB

A

1. Genomic
DNA

B

C

D

E

2. Amplicon
from 1.
3. Amplicon
from 2.

Figure 3. Overview over the method used for obtaining fragments that cover the region upstream rnpB. (A) is a
flanking primer and (B) is flanking biotinylated. The fragment achieved from (1) was used in a second PCR with
Leg. gsp1 F Biotin (C) as forward primer and either Leg. gsp2 F (E) or Leg. gsp3 F (D) as reverse primer. The
amplicon from (2) was then sequenced. Blue squares are biotin while green squares are streptavidin with the iron
bead. The red fragment is the part of the primer that was incorporated in the amplicon and bound to primer C in
the second step.

In a total volume of 50 µl, the PCR was run with 200 nM dNTP, 1x PCR Buffer, 0.5 mM
MgCl2, 0.3 µM of Leg. gsp1 F Biotin, 0.6 µM of a flanking primer and 1.5 ×U HotStarTaq
DNA Polymerase. The amount of template was 2 % of the total reaction volume of 50 µl. The
same template was run in four different reactions with the four different flanking primers. The
PCR temperature program begun with enzyme activation at 95°C for 15 min, followed by 35
cycles with denaturation at 95°C for 60 s, annealing 52°C for 60 s and elongation at 72°C for
3 min. This was followed by an elongation at 73°C for 10 min before a constant hold at 4°C.
The resulting PCR product was a mixture of many amplified fragments. In order to purify the
fragments of interest, Dynabeads® M-270 Streptavidin (Dynal Biotech) were used. The idea is
that the fragments produced during the PCR from the Leg. gsp1 F Biotin primer, can be
attached to streptavidin linked iron beads. So when the reaction tube is placed in a magnet
rack (GenoMagnet™-1; GenoVision), the iron beads and everything attached to it will
assemble at the wall of the tube and the supernatant can easily be removed.
The beads were washed several times with TEN buffer (10 mM Tris, 1 mM EDTA, 9% NaCl
and HCl until pH 7.5) before use. The volume was adjusted to be twice the original with TEN
buffer. 40 µl of the bead solution was mixed with 20 µl of the PCR product in a tube. The
tubes were then incubated at room temperature for 15 min during gentle vortexing. The beads
had to be resuspended since they otherwise would assemble at the bottom of the tube and not
be able to bind to the PCR fragments. The fragments, now hopefully attached to the beads,
were washed with 40 µl TEN buffer. In order to separate the strands, 50 µl of freshly prepared
0.1 M NaOH was added to each tube. The tubes were then kept at room temperature for 5 min
during a gentle vortexing. The beads with the attached fragments were then washed once with
50 µl NaOH, once with 40 µl TEN buffer and once with 50 µl TE buffer pH 7.5 (USB
Corporation). Finally 30 µl water was added to each sample. Of the purified sample 2 µl was
12

used as a template in a second PCR in which Leg. gsp1 F biotin and a flanking primer were
replaced with 0.3 µM flanking biotinylated and 0.6 µM Leg. gsp2 F or Leg. gsp3 F. The PCR
was run with the same temperatures as in the first PCR.
The PCR products were analyzed with gel electrophoresis on a 1% Electran® DNA grade
agarose (BDH laboratory supplies) gel stained with ethidiumbromide in 0.5×TEB. The
amplified fragments were compared with a 100 bp ladder in order to estimate the fragment
length. Too short fragments were not of interest since they covered only regions within the
gene and not before the gene. Sometimes when there were several fragments of interest in the
same sample, the bands were cut out from the gel and transferred into separate tubes.
Approximately 100 µl of water were added to each tube before they were incubated at 70°C
for approximately 10 min. Fragments from the melted agarose gel were amplified once again
with flanking biotinylated and Leg. gsp2 F or Leg. gsp3 F. Resulting fragments were analyzed
on an agarose gel like before.
The sequencing reaction was performed with 2 µl BigDye™ Terminator Cycle Sequencing v
2.0 Ready Reaction (DNA Sequencing Kit; Applied Biosystems), 1-2 µl template and 0.16
µM of a sequencing primer in a total reaction volume of 20 µl. In order to increase the
accuracy of the sequence determination, the fragment was sequenced from both ends in
separate reactions. Leg. gsp2 F or Leg. gsp3 F and flanking biotinylated were used as
sequence primers. The PCR temperature program used began with enzyme activation at 95°C
for 1.5 min, followed by 25 cycles that starts with denaturation at 96°C for 10 s, annealing at
52°C for 5 s and finally elongation at 60°C for 4 min. The program ended with a constant
hold at 4°C. Obtained amplicons were then precipitated in a tube with 80 µl 76 % EtOH and
vortexed. After 15-25 min of incubation at room temperature the samples were centrifuged for
20-30 min at maximum speed. The supernatants were removed and remaining DNA
fragments were washed with 300 µl of 70% EtOH. The supernatant was removed after
centrifugation at maximum speed for 7 min. To ensure that there were no EtOH left, the tubes
were kept with open lids in a heating block at 90°C for approximately 1 min. To each sample
32 µl of Template Suppression Reagent (Applied Biosystems) was added and then the tubes
were vortexed. Finally the tubes were incubated at 95°C for 2 min and then frozen until use.
The sequencing machine ABI 310 Genetic Analyzer (Applied Biosystems) was used with
Performance Optimied Polymer 6 (Applied Biosystems) as polymer.
2.5 Real-time PCR
A Rotor-Gene™ 2000 Real-Time Cycler (Corbett Research) was used for real-time PCR
detection. The samples contained TaqMan® Universal PCR Master Mix (Applied Biosystems,
Roche), 0.4 µM of each primer and 0.5 µM of probe. Each reaction only contained one of the
probes (table 4). Water was added in order to adjust the reaction volume to 25 µl. The
temperature profile used began with enzyme activation at 95°C for 15 min. Then there were 5
cycles that began with denaturation 95°C for 30 s, annealing at 45°C for 30 s and finally
elongation at 72°C for 40 s. This was followed by 5 cycles that were identical to the previous
cycles except for the annealing temperature at 47°C. Finally there were 45 cycles with a third
annealing temperature of 55°C.
Table 4. The Legionella specific probe leg probe F and the L. pneumophila specific probe pn R-probe used in
real-time PCR experiments. leg probe F is marked with Yellow HEX (a) and pn R-probe is marked with Blue 6FAM (c). Both probes have a Black hole quencher 1 attached to a T (b).

Probe
leg probe F
pn R-probe

Sequence
5’-CaCCCACTbCGGAGCAAGACCAAATAGGARTC-3’
5’-TcACCGCACCATbTTCACCCTTACCTACGAYTC-3’
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3 Results and Discussion
3.1 PCR optimization
The first challenge was to create a Legionella genus-specific PCR. Primers were already
constructed so it was only to optimize parameters like annealing temperature and primer
concentration. In order to optimize the annealing temperature it was equally important to test
various Legionella species as the non-Legionella that might interfere. The annealing
temperature should be higher than the melting temperature for base-pairing of the primer and
the template from non-Legionella species, but still low enough to amplify all Legionella
species.
However, this project did not progress as planned. Early on there were problems with the
specificity of the selected primers. A lot of efforts were made in order to construct new
primers with better specificity. Therefore this report deals mostly with the struggle to find the
ideal primer pair that only amplifies Legionella. Many primers have been used (table 2) and
they were evaluated in four different primer pairs (figure 4). The locations of the binding sites
for the primers are shown in figure 5.

Forward primer

leg intoP3

Reverse primer

Leg p16
ny R

Leg S R1Leg S R5

leg pre F

leg pneu F
leg lm F

leg p16 S R

leg RP1
(leg RP2)

Figure 4. Primers used at different times during this project.

3.1.1 First primer pair
The first primer pair tested was leg intoP3 and Leg p16 ny R. The forward primer binds to a
region just before the P3 loop, which is one of three highly variable parts of rnpB and is
therefore well suited to exclude other organisms closely related to Legionella. However, the
5’ half of the forward primer is in a region where the exact sequence is unknown for most
Legionella species, and there might therefore be additional mismatches that we do not know
about. Sequence analysis revealed that a few species mismatch in the 3’ region of the forward
primer. L. londoniensis had two mismatches and was therefore used during the optimization
since the conditions that work for L. londoniensis probably work for most Legionella.
The reverse primer binds to a sequence just after the P16 loop. The P16 loop region in rnpB is
the most variable region among Legionella spp and it is therefore suitable to include this
region in the amplicon since it enables species differentiation by subsequent sequencing.
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Forward
primer

Upstream
rnpB

P3
loop

P12
loop

P16
loop

Downstream
rnpB

Reverse
primer

leg intoP3

Leg p16 ny R

leg intoP3

Leg S R1Leg S R5

leg pre F

leg p16 S R

leg pneu F
leg lm F

leg RP1
leg RP2

Known sequence

Figure 5. Overview over the four primer pairs tested showing the DNA (black line), primers (arrows), regions
outside rnpB (yellow) and variable parts (green).

The first parameter to be analyzed was the primer concentration. L. pneumophila serogroup 1
and L. dumoffii were analyzed in a PCR at different primer concentrations (data not shown). A
primer concentration of 0.4 µM was chosen for further experiments with the primer pair leg
into P3 and leg p16 ny R since the amplifications were weak at lower primer concentrations
(data not shown).
Four Legionella species were analyzed with temperature gradient at a primer concentration of
0.2 µM in order to determine an optimal annealing temperature. Annealing temperatures
between 55.7 and 64.2°C were tested for L. longbeache serogroup 2, L. pneumophila
serogroup 1 and 5 while the corresponding temperatures were between 55.0 and 61.8°C for L.
londoniensis (table 5).
Table 5. Annealing temperature optimization for leg intoP3 and Leg p16 ny R. “Dilution” refers to the dilution
of the template. Eight samples were analyzed in the annealing temperature interval.

Strain
L. pneumophila sg 1
L. pneumophila sg 5
L. longbeache sg 2
L. londoniensis

Dilution
1×
1×
1×
1×

Temp. interval
55.7-64.2°C
55.7-64.2°C
55.7-64.2°C
55.0-61.8°C
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PCR-amplification
All temperatures
Up to 61.8°C
All temperatures
No amplification

Every attempt to amplify L. londoniensis failed (table 5), even at an annealing temperature as
low as 55.0°C. L. londoniensis is not medically important and is infrequently detected, thus a
detection method that identifies 38 Legionella except for L. londoniensis is still well accepted.
But this indicates that there might be other Legionella species that are poorly amplified with
this primer pair. The maximal annealing temperatures were not yet reached for L.
pneumophila serogroup 1 and L. longbeach serogroup 2 (table 5), so therefore these species
were analyzed further with temperature gradient PCR.
In order to know the optimal annealing temperature it is also interesting to know at which
annealing temperature there is no amplification for non-Legionella. Tests were therefore run
with P. aeruginosa and P. fluorescens in order to determine their maximal annealing
temperature. These species were selected since they have a high sequence similarity with
Legionella in the primer regions.
Table 6. Annealing temperature optimization for leg intoP3 and Leg p16 ny R. The primer concentration used
was 0.4 µM. “Dilution” refers to the dilution of the template. Eight samples were analyzed in the annealing
temperature interval.

Strain
L. pneumophila sg 1
L. longbeache sg 2
L. longbeache sg 2
P. aeruginosa
P. flourescens

Dilution
20×
30×
20×
2×
2×

Temp. interval
62.8-70.5°C
59.1-64.2°C
62.8-70.5°C
59.1-64.2°C
59.1-64.2°C

PCR-amplification
Up to 65.5°C
All temperatures
Up to 66.9°C
All temperatures
All temperatures

The maximal annealing temperatures for P. flourescens and P. aeruginosa were never
achieved experimentally (table 6). However, the results revealed that both P. aeruginosa and
P. flourescens were amplified at temperatures where important species like L. pneumophila
serogroup 5 can not be detected. Since it was not possible to change that fact by further
optimization, another primer pair was created.
If the template concentration is too high, the PCR amplification might be hindered. Therefore,
the DNA preparations of L. longbeache, L. pneumophila serogroup 1 and 5 were analyzed in a
PCR at different concentrations (data not shown) with an annealing temperature of 63°C and a
primer concentration of 0.4 µM. The results revealed that the DNA preparations could be
diluted at least 30 times without visibly affecting the band intensity for L. longbeache and L.
pneumophila serogroup 1. The intensity for L. pneumophila serogroup 5 decreased when the
template was diluted. This does not show that the concentration of L. pneumophila serogroup
5 is lower than the one for example L. longbeache serogroup 2 since the result is dependent
on the primer affinity.
A problem that became evident during the optimization of the temperature was that the
concentrations of template in the DNA preparations were unknown. The DNA has been
prepared at different times with slightly different protocols. Repeated freezing and thawing
might also have affected the concentration of undamaged DNA. Without a known
concentration of template it is difficult to compare the amplification strength between
different species.
3.1.2 Second primer pair
A new set of reverse primers were constructed to replace Leg p16 ny R. The 3’ end of the new
primers Leg S R1-Leg S R5 were in the variable P16 loop. Since this loop sequence is so
variable within the Legionella genus, it was necessary to construct five primers in order to
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amplify all species. Leg S R1 and Leg S R2 were constructed to amplify the majority of the
Legionella species. The remaining species can probably also be amplified by Leg S R1 and
Leg S R2, but Leg S R3-Leg S R5 were constructed just in case they would not work. Some
bacteria closely related to Legionella have high sequence similarity in the reverse primer
region but they all differ at the last position at the 3’ end. That last position is conserved for
every Legionella except for L. jordanis. Since the 3’ end is critical for amplification, a
mismatched and loose 3’ end is assumed to inhibit the polymerase activity.
At first it was interesting to know the optimal annealing temperatures for leg SR1 and leg SR2
since they were constructed to amplify the majority of the Legionella species. Therefore a few
Legionella species that leg SR1 or leg SR2 were constructed for, were tested with temperature
gradient PCR. In order to find the lower limit for the annealing temperature M. catarrhalis
was also tested. Sequence comparisons had revealed that M. catarrhalis was one of the nonLegionella with highest sequence similarity in the primer region. A primer concentration of
0.4 µM was used in all experiments with this primer pair.
Table 7. Annealing t temperature optimization with primer pair leg intoP3 and leg SR1. . M. catarrhalis was
tested with a MgCl2 concentration reduced by 80% (a). “Dilution” refers to the dilution of the template. Eight
samples were analyzed in the annealing temperature interval.

Species
L. pneumophila sg 1
L. pneumophila sg 5
L. israelensis
M. catarrhalis
M. catarrhalis (a)

Dilution
100×
1×
1×
1×
1×

Temp. interval
60.7-69.2°C
60.7-69.2°C
60.7-69.2°C
60.7-69.2°C
60.7-69.2°C

PCR-amplification
All temperatures
Up to 68.1°C
Up to 66.9°C
All temperatures
All temperatures

Experiments with Leg S R1 revealed that L. pneumophila serogroup 1 was amplified at every
temperature in the interval between 60.7°C and 69.2°C (table 7). L. pneumophila serogroup 5
and L. israelensis were amplified up to 68.1°C and 66.9°C respectively. M. catarrhalis was
also tested at the same conditions and was unfortunately also amplified at every temperature
in the interval.
Table 8. Results from temperature gradient PCR tests with primer pair leg intoP3 and leg SR2. M. catarrhalis
was tested with a MgCl2 concentration reduced by 80% (a).

Species
L. longbeache sg 2
L. moravica
L. shakespearei
M. catarrhalis
M. catarrhalis (a)

Dilution
10×
1×
1×
1×
1×

Temp. interval
60.7-69.2°C
60.7-69.2°C
60.7-69.2°C
60.7-69.2°C
60.7-69.2°C

Amplification
Up to 68.1°C
All temperatures
Up to 68.1°C
All temperatures
All temperatures

The leg S R2 primer was tested for three Legionella species with an annealing temperature
gradient between 60.7°C and 69.2°C (table 8). L. moravica was amplified at every
temperature while L. longbeache and L. shakespearei were amplified only up to 68.1°C. M.
catarrhalis was also tested for leg S R2 but as for leg S R1, the amplification occurred at all
tested temperatures.
The MgCl2 increases the affinity between primer and template especially when there are
nucleotide mismatches. A reduced salt concentration might decrease the unspecific binding
for non-Legionella species in the 3’ end of the forward primers. The experiment was run
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again for M. catarrhalis with the MgCl2 concentration reduced by 80%. The amplification
yield decreased substantially, but still occurred at all temperatures tested (data not shown).
Since it seemed impossible to obtain specific amplification by optimizing the annealing
temperature or MgCl2 concentration, another primer pair was constructed and tested.
3.1.3 Third primer pair
The search for the ideal primers continued. The possibilities of constructing genus-specific
primers upstream the P3 loop and downstream the P16 loop within the sequenced part of rnpB
seemed exhausted. Previously L. longbeache serogroup 1, L. micdadei and L. oakridgiensis
been sequenced in the region upstream of rnpB by Carl-Johan Rubin, Department of clinical
microbiology at Uppsala university hospital. A L. pneumophila serogroup 1 sequence (3) was
acquired from a Legionella genome sequencing project at Columbia Genome Center. A
fragment of thirty nucleotides in the promoter region was conserved enough to be suitable for
a primer (table 9). It was assumed that this region could be genus-specific and therefore a few
other Legionella species were sequenced in order to obtain enough sequence information to
design a primer. Sequences covering the region of interest were achieved from L.
jamestowniensis and L. worsleiensis (table 9). Based upon these and previously known
sequences the forward primer leg pre F was constructed.
Table 9. Sequencing data that cover a conserved region upstream of rnpB. Conserved positions are blue. The
sequence data from L. oakridgiensis is uncertain in two positions denoted by dashes.

Strain
L. adelaidensis
L. israelensis
L. jamestowniensis
L. longbeache
L. micdadei
L. oakridgiensis
L. pneumophila sg 1
L. tucsoniensis
L. worsleiensis

Sequence
TGGTTTTTTGCTAAGCACTTTGCTATTCTT
TGGCTTTTTGCTATTCATTTTGCTAGTATT
TGGTTTTTTGCTATTCACTCTGCTAGTATT
TGGTCTTTCGGTAGGCACTCTGCTACTATT
TGGTCTTTCGCTAGGCACTCTGCTAGTATT
TGGTCTTATGCTAATCACTCTGCTATTA-TGGCCTTTGCCTGGGCACTCTGCTAATATT
TGGTCTTTGGCTAGGCACTCTGCTACTATT
TGGCCTTAGCCCGTCCATTCTGCTAATATT

Even though the new forward primer has three degenerated positions, a few species mismatch
in the 5’ end. Since the sequence was unknown for so many Legionella species, there would
probably be species that mismatched even more. To reduce the effect of the mismatches a
special PCR temperature program was developed with a set of three different annealing
temperatures. First there were five cycles with a low annealing temperature and then there
were five cycles with a second slightly higher annealing temperature and finally there were 35
cycles with a high temperature. The idea was that the primer sequence would be incorporated
in the amplicon during the first cycles and when the primer sequence is in the amplicon it is
possible to increase the annealing temperature.
A new reverse primer leg p16 S R that is a modified version of Leg p16 ny R was also
constructed. The primer was shortened in order to have the same melting temperature as the
forward primer leg pre F. The melting temperature was theoretically estimated with two
different calculators, Vector NTI Suite 7 (InforMax) and Oligonucleotide Properties
Calculator (http://www.basic.nwu.edu/biotools/oligocalc.html). Since the melting
temperatures estimated by the different softwares varied considerably, the softwares were
used for balancing the melting temperatures of the forward and reverse primer. When using
the melting temperature calculators for tested primers, the estimated melting temperatures
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were far below the optimal annealing temperatures that were observed experimentally.
Therefore the calculators were never used to adjust the annealing point to a certain
temperature.
Table 10. PCR amplification for different Legionella when using the primers leg pre F and leg p16 S R. A triple
band was observed for L. adelaidensis (a). “Dilution” refers to the dilution of the template.

Species
L. anisa
L. adelaidensis
L. bozemanii sg 1
L. brunensis
L. brunensis
L. cincinattensis
L. cherrii
L. dumoffii
L. erythra
L. erythra
L. fairfieldensis
L. feelei
L. geestiana
L.gormanii
L. gratiana
L. hackeliae
L. israelensis
L. jamestowniensis
L. jordanis
L. lansingensis
L. londoniensis
L. longbeache sg 1
L. longbeache sg 2
L. maceachernii
L. micdadei
L. moravica
L. nautarum
L. oakridgiensis
L. parisiensis
L. pneumophila sg 1-14
L, quateirensis
L. quinlivianii
L. quinlivianii
L. rubrilucens
L. sainthelensi
L. santicrusis
L. shakespearei
L. spiritensis
L. spiritensis
L. steigerwaltii
L. wadsworthii
L. worsleiensis
L. worsleiensis

Dilution
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
5×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×

Temperatures
45/47/55
45/47/55
47/50/58
47/50/58
45/47/55
45/47/55
47/50/58
47/50/58
47/50/58
45/47/55
45/47/55
47/50/58
45/47/55
45/47/58
45/47/58
45/47/55
45/47/58
45/47/55
47/50/58
45/47/55
47/50/58
47/50/50
45/47/55
45/47/55
47/50/58
45/47/55
45/47/55
47/50/58
45/47/55
45/47/55
45/47/55
47/50/58
45/47/58
45/47/55
47/50/58
45/47/55
45/47/55
47/50/58
45/47/55
45/47/55
45/47/55
47/50/58
45/47/58
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Product yield
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Before temperature optimization it was important to know how many of the available
Legionella strains that could be amplified with the new primer pair. Therefore 38 Legionella
species were tested at low annealing temperatures. Of the tested species, 36 could be
amplified although four PCR products were weak at the lowest temperature set (table 10).
Later real-time PCR runs would reveal that also L. tucsoniensis could be amplified with the
primer pair, thus 37 of 39 Legionella species could be amplified by this primer pair. The
species that could not be amplified were L. geestiana and L. israelensis. This resulted in new
efforts to sequence the species with no or poor amplification. Sequence data was obtained for
L. adelaidensis, L. israelensis and L. tucsoniensis (table 9). A mismatch close to the 3’ end
seemed to be the reason why L. adelaidensis was weakly amplified. L. israelensis has four
mismatches and were not amplified at all. Apparently these mismatches were crucial since the
weakly amplified L. worsleiensis has four similar mismatches.
When all strains were analyzed, a triple band was observed for L. adelaidensis. The fragments
were approximately 300, 550 and 600 nucleotides in size. Double and triple bands were
observed a few times but mostly for non-Legionella (figure 6). Obviously one or both primers
can bind to other sequences in the genome. The amplified fragments with unanticipated size
were not considered to be a great problem since these alternative binding sites were not
believed to match the primer perfectly. So with further temperature optimization they would
probably disappear.
It was promising that the primer pair worked for almost all Legionella species, hence it was
interesting to know if the probes worked together with the primers. Therefore six bacterial
species, of which three were non-Legionella, were tested with real-time PCR. In order to
minimize the risk of one probe disturbing the activity of the other, the probes were run in
separate tubes. The lowest temperature set with the annealing temperatures 45, 47 and 55°C
were used.
The L. pneumophila probe did not behave as expected. Signal was not specific for L.
pneumophila since it was observed for all three Legionella species tested. The bad specificity
led to the discovery that the probe was not optimally designed. A loose 5’ end is supposed to
stop the polymerase from degrading the probe. The part of the probe that is in the variable
P12 loop is supposed to be loose for all species except for L. pneumophila (figure 2). The
problem was that the loose part is in the 3’ end and not in the 5’ end.
The primer pair leg pre F and leg p16 S R was also tested for several non-Legionella species
(table 11). The initial test with the annealing temperatures 45°C, 47°C and 55°C gave
promising result. Fragments with the expected length of 300 nucleotides were observed from
three non-Legionella species, but these bands were very weak. A strong band of 750
nucleotides was amplified for C. burnetti, but since it was unspecific it was assumed to not
give rise to a signal when using a specific probe in real-time PCR. Higher annealing
temperatures were tested for the same species in order to inhibit amplification. The strategy
was successful for C. burnetti which was not amplified. Unfortunately six non-Legionella
species were amplified with stronger band intensity than before. An explanation might be that
the primers bind non-specifically to several places in the genome. But when the temperature
was increased, the primers bound to the correct places with fewer mismatches.
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Table 11. Amplification for a few non-Legionella at three different sets of annealing temperatures. Fragments
a
from C. burnetti were longer than the expected 300 bp ( ). “Dilution” refers to the dilution of the template.

Species
C. burnetti
C. burnetti
C. burnetti
E. cloacae
E. cloacae
E. cloacae
E. coli
E. coli
E. coli
H. influenzae
H. influenzae
H. influenzae
K. oxytoca
K. oxytoca
K. oxytoca
M. catarrhalis
M. catarrhalis
M. catarrhalis
N. pharyngitidis
P. aeruginosa
P. aeruginosa
P. flourescens
P. flourescens
P. flourescens

Dilution
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×
1×

Temperatures
45/47/55
47/50/58
51/54/58
45/47/55
47/50/58
51/54/58
45/47/55
47/50/58
51/54/58
45/47/55
47/50/58
51/54/58
45/47/55
47/50/58
51/54/58
45/47/55
47/50/58
51/54/58
45/47/55
47/50/58
51/54/58
45/47/55
47/50/58
51/54/58

Comments
++a
(+)a
(+)
(+)
(+)
(+)
(+)
(+)
(+)
(+)
+
(+)
(+)
+
(+)
+
++

Temperature optimization with temperature gradient PCR for the primer pair leg pre F and leg
p16 S R was more difficult than before since there were three annealing temperatures this
time. The simplest strategy seemed to be to optimize the third annealing temperature first and
then continue with the second and first. During the optimization mainly three strains were
used, L. jamestowniensis L. pneumophila serogroup 1 and L. worsleiensis. The reason for the
selection of these species was that the number of mismatches was different for these strains.
L. worsleiensis has four mismatches and L. jamestowniensis has two, while L. pneumophila
has none.
The quality of the results from the temperature optimization varied. Some gel pictures showed
bands with a declining amplification at higher temperatures. Other pictures show band with
equally strong bands at every temperature in the interval (data not shown). When the samples
with the strange band were run in a new PCR with a higher but overlapping temperature
interval, no amplification was observed. No good explanation has yet been found.
3.1.4 Fourth primer pair
Due to the strange results achieved from the temperature optimization experiments, it was
clear that the amplification did not work as desired. As shown earlier Leg p16 ny R is not
specific for Legionella (table 6). It is therefore unlikely that the shorter version leg p16 SR is
better at amplifying only Legionella. The reason for the non-specific binding might be that the
primer has many degenerated positions and is GC rich. Since the GC bonds are stronger than
the ones for AT, high GC levels might compensate for mismatches between primer and
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template. Therefore two new primers, leg RP1 and leg RP2, were constructed to anneal
downstream the binding site for leg p16 S R. Both primers were mainly constructed to have
good thermal properties rather than being specific for Legionella.
Table 12. The species used in order to determine which of leg RP1 and leg RP2 that works best. Gel
electrophoresis analysis of the PCR product is shown in figure 6. “Dilution” refers to the dilution of the template.

Sample
1
2
3
4
5
6
7
8
9
10
11
12
13

Species
L. jamestowniensis
L. pneumophila sg 1
L. worsleiensis
L. erythra
L. longbeache sg 2
L. dumoffii
L. fairfieldensis
L. tucsoniensis
H. influenzae
K. oxytoca
M. catarrhalis
P. flourescens
Water

Dilution
1×
1×
1×
1×
10×
1×
1×
1×
1×
1×
1×
1×
-

The reason for constructing two primers was to test them both and choose the one that worked
best. When tested for a few Legionella and non-Legionella (table 12) the result showed that
the primers were equally non-specific for Legionella (figure 6). Leg RP1 was chosen since it
gave more PCR product. The fact that non-Legionella species were strongly amplified with
leg RP1 implied that specificity was lost when not using leg p16 S R. Two temperature
gradient PCR experiments that were identical except for the reverse primer were run in order
to compare leg RP1 and leg p16 S R (figure 7 and 8). Instead of a set of three annealing
temperatures, only one annealing temperature was used since it was interesting to know if it
was necessary to have a set of three temperatures. A primer concentration of 0.4 µM was
used.
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Figure 6. Agarose gel electrophoresis of PCR products. A few species (table 12) were tested with the primers leg
RP1 and leg RP2 in order to determine which one that gave the best amplification. The fragment size was
estimated with a 100 bp ladder.
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There was no difference in amplification for L. pneumophila serogroup 1 and K. oxytoca
when using different reverse primers. L. worsleiensis was not amplified with leg p16 S R and
Haemophilus influenzae was amplified at 64.2°C. But when leg SR1 was used, L.
worsleiensis was amplified at 55.4°C and H. influenzae at 61.9°C. It was expected that the
amplification specificity for leg SR1 would be the same or even a little worse. It was
surprising that leg SR1 was more specific than leg p16 S R.
When comparing the two temperature profiles, one would expect less PCR product when
using one high annealing temperature. Figure 7 shows that H. influenzae was amplified at
64.2°C. It is unlikely that the Legionella species that were weakly amplified at the
temperature set 45/47/55 °C could compete with that. Thus the Legionella species that require
a set of three annealing temperatures to be amplified are probably more difficult to detect by
PCR than many non-Legionella. Therefore only one annealing temperature was used after this
experiment.
64.2°C

H. influenzae

L. pneumophila sg 1

64.2°C

61.9°C

K. oxytoca

L.worsleiensis

No amplification at 53.3°C

Figure 7. The primer pair leg pre F and leg p16 S R was tested for two Legionella and two non-Legionella with
temperature gradient PCR. Eight different annealing temperatures were analyzed in the interval between 53.3
and 68.3°C. The concentration of each primer was 0.4 µM.

61.9°C

61.9°C

H. influenzae

K. oxytoca

L. pneumophila sg 1

L. worsleiensis

64.2°C

55.4°C

Figure 8. The primer pair leg pre F and leg SR1 was tested for two Legionella and two non-Legionella with
temperature gradient PCR. Eight different annealing temperatures were analyzed in the interval between 53.3
and 68.3°C. The concentration of each primer was 0.4 µM.
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The two experiments also displayed a problem that has been present during the whole work.
Even if it was possible to increase the temperature in order to achieve a PCR that amplifies L.
pneumophila serogroup 1 and not H. influenzae or K. oxytoca, there were always a few
Legionella species that were not amplified. These experiments show that the PCR conditions
required for detection of L. worsleiensis are non-specific enough to amplify many bacteria
other than Legionella. Thus it seemed impossible to create a Legionella genus-specific PCR.
A last attempt was made in order to create a Legionella specific PCR. The forward primer was
not optimally designed since there were degenerated positions and mismatches for many
Legionella. With a set of forward primers that were designed for certain Legionella species,
the number of mismatches and degenerated positions could be minimized. Primarily two
forward primers were constructed to amplify a few of the medically most important species.
The idea was to test the primers for all Legionella species and sequence the ones that were not
amplified well enough. The sequence data were then used to create primers that amplified the
remaining species. The primer leg pneu F was designed to amplify L. pneumophila and L.
worsleiensis and leg lm F was made to amplify L. longbeache and L. micdadei. L.
pneumophila, L. micdadei and L. longbeache are all species that are pathogenic for humans.
Table 13. Temperature optimization with leg pneu F and leg RP1. “Dilution” refers to the dilution of the
template. Eight samples were analyzed in the annealing temperature interval.

Strain
L. pneumophila sg 1
L. worsleiensis
L. tucsoniensis
K. oxytoca

Dilution
1×
1×
1×
1×

Temp. interval
53.3-68.3°C
53.3-68.3°C
53.3-68.3°C
53.3-68.3°C

PCR-amplification
Up to 66.4°C
Up to 61.8°C
Up to 64.2°C
Up to 59.3°C

Table 14. Temperature optimization with leg lm F and leg RP1. “Dilution” refers to the dilution of the template.
Eight samples were analyzed in the annealing temperature interval.

Strain
L. micdadei
L. longbeache sg 1
L. bozemanii sg 1
H. influenzae

Dilution
1×
1×
1×
1×

Temp. interval
53.3-68.3°C
53.3-68.3°C
53.3-68.3°C
53.3-68.3°C

PCR-amplification
Up to 64.2°C
Up to 66.4°C
Up to 64.2°C
Up to 64.2°C

Like before, the primers were tested with temperature gradient PCR (table 13 and 14). Initial
test with leg pneu F revealed that the primer pair worked well for the three Legionella species
tested. K. oxytoca was also tested and had maximum annealing temperature that was 2.5
degrees lower than the corresponding temperature for any of the tested Legionella species.
The result for leg lm F was not as promising as the previous since L. micdadei and H.
inluenzae are both amplified up to 64.2°C. This is not good since the primer was constructed
to fit L. micdadei perfectly. Thus the sequence in the promoter region was not specific for the
Legionella genus and therefore the idea of having a forward primer in the promoter region
was abandoned.
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4 Conclusions
The ambition with this work was high. Creating a specific assay that can detect Legionella
and L. pneumophila in low numbers, and in a second step differentiate all the different species
in the Legionella genus requires a lot from the target gene. This work has showed that rnpB is
not suitable for creating such an assay since it seems impossible to create a Legionella genusspecific PCR. The problem is to find genus-specific regions within rnpB for primers that
enable detection of all Legionella species without amplifying non-Legionella species. Possible
regions are either conserved in non-Legionella species or too diverse within the Legionella
genus.

5 Future prospects
Even if the original ambition failed a lot has been learned about the rnpB gene. With this
knowledge it is possible to create an assay for Legionella detection that is more realistic with
respect to the possibilities of rnpB. Therefore the aim of the project has changed into
constructing a PCR based method for detection of a few Legionella species that are associated
with human disease. A new set of primers has been constructed to bind to sequences partly
within the P3 and P16 loops (figure 9). There are several forward and reverse primers, each
designed to amplify one to three species.

Forward
primer

Upstream
rnpB

P3
loop

P12
loop

P16
loop

kort pnF
kort b2gdF
kort micfeel F
kort longb F

Downstream
rnpB

Reverse
primer
kort pn R
kort b2gd R
kort mic R
kort feelei R
kort longb R

Figure 9. New primers constructed in order to amplify Legionella species of medical interest.

The ambitious idea of making a method that can distinguish every Legionella species with
pyrosequencing is not abandoned. Maybe it is possible to achieve the same goals with other
candidate genes like for example rnpA or mip. Further investigations will show if they are
suitable to develop sensitive and discriminating detection methods for Legionella bacteria.
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Appendix: Legionella strains used in this study
Strain
L. adelaidensis
L. anisa
L. birminghamensis
L. bozemanii
L. bozemanii
L. brunensis
L. cherrii
L. cincinatiensis
L. dumoffii
L. erythra
L. fairfieldensis
L. feeleii
L. geestiana
L. gormanii
L. gratiana
L. hackeliae
L. israelensis
L. jamestowniensis
L. jordanis
L. lansingensis
L. londiniensis
L. longbeachae
L. longbeachae
L. maceachernii
L. micdadei
L. moravica
L. nautarum
L. oakridgensis
L. parisiensis
L. pneumophila
L. pneumophila
L. pneumophila
L. pneumophila
L. pneumophila
L. pneumophila
L. pneumophila
L. pneumophila
L. pneumophila
L. pneumophila
L. pneumophila
L. pneumophila

Serogroup

1
2

1

1
2

1
2
3
4
5
6
7
8
9
10
11
12

CCUG ATCC Source
31231A 49625 SMI
29665
35292 SMI
31233A 43702 SMI
11880
33217 SMI
16416
35545 SMI
31114
43878 SMI
29666
35252 SMI
31230A 43753 SMI
11881
33279 SMI
29667
35303 SMI
31235A 49588 CCUG
16417
35072 SMI
44893
49504 SMI
12267
33297 SMI
44894 49413 CCUG
31232A 35250 SMI
31115
43119 SMI
29669
35298 SMI
16413
33623 SMI
31227A 49751 CCUG
44895 49505 CCUG
46622
33462 SMI
46623
33484 SMI
31116A 35300 SMI
31229A 33218 SMI
31117
42877 SMI
44900 49506 CCUG
16414
33761 SMI
29670
35299 SMI
9568
33152 SMI
13396
33154 SMI
13397
33155 SMI
13398
33156 SMI
13399
33216 SMI
33215 SMI
16411
33823 SMI
16412
35096 SMI
30704
35289 SMI
30705
43283 SMI
30660
43130 SMI
30661
43290 SMI
28

L. pneumophila
L. pneumophila
L. pneumophila
L. quateirensis
L. quinlivianii
L. rubrilucens
L. sainthelensi
L. santicrusis
L. shakespearei
L. spiritensis
L. steigerwaltii
L. tucsoniensis
L. wadsworthii
L. worsleiensis

13
14
15

1

1

30662
44898
30657A
44899
31234A
29671
29672
29673
31228A
31118
29674
31119
16415
44924
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43736
43703
35251
49507
43830
35304
35248
35301
49655
35249
35302
49180
33877
49508

SMI
SMI
CCUG
CCUG
SMI
SMI
SMI
SMI
CCUG
SMI
SMI
SMI
SMI
CCUG

