
A         method         for         surveillance         of         antibiotic
resistance         plasmids

Set         up         of         a         method         for         characterization         of         plasmids
carrying         extended         spectrum         beta-lactamase         genes

Elisabeth         Öberg

Degree         project         in         biology,         Master         of         science         (2         years),         2010
Examensarbete         i         biologi         30         hp         till         masterexamen,         2010
Biology         Education         Centre,         Uppsala         University,         and         Swedish         Institute         for         Infectious         Disease         Control,
Antibiotic         resistance/hospital         hygiene         section,         Department         of         Bacteriology,         171         82         Solna,         Sweden
Supervisors:         Karin         Tegmark-Wisell         and         Alma         Brolund



1 

 

Summary 
    

At the moment the type of antibiotic resistance that is spreading the fastest is resistance against β-

lactam antibiotics mediated by extended spectrum β-lactamases (ESBLs), and more specifically the 

CTX-M groups of ESBLs, in Enterobacteriaceae. ESBLs are enzymes that break the β-lactam 

structure in the commonly used β-lactam antibiotics such as penicillins and cephalosporins. ESBL 

mediated resistance is mainly spread by plasmids carrying ESBL genes that disseminate within and 

between different bacterial species. 

   The aim of this project was to set up a method for characterization of such ESBL-plasmids, based 

on the characteristics size, replicon type and CTX-M group. This method would be a useful tool in 

identifying patients with  the same plasmid, which would indicate nosocomial spread as a 

consequence of poor infection control (hospital hygiene) and also a tool for looking at the ESBL-

plasmid dissemination (e.g. in Sweden) to find especially successful plasmid types. The method is a 

combination of S1-nuclease mediated cleavage of plasmids, pulsed field gel electrophoresis and 

Southern blot. 

   The results obtained were in accordance with previous typing results and although the method 

need further optimization it worked well, and looks very promising for the planned future 

applications. 
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Abbreviations 
   CCUG – Culture Collection University of Göteborg,  CSPD – Chloro-5-substituted adamantyl-

1,2-dioxetane phosphate, ESBL – Extended spectrum β-lactamase, EtBr – ethidium bromide, DIG – 

digoxigenin, OXA – oxacillin-hydrolyzing, PBRT – PCR-based replicon typing, PCR – polymerase 

chain reaction, PFGE – Pulsed field gel electrophoresis, SHV – sulphydryl variable, SSC – Saline-

Sodium Citrate 
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Introduction 
   Antibiotic resistance has grown to be perhaps the largest challenge in modern health care. Many 

of the great medical achievements, such as organ transplantation and chemotherapy, as well as 

simpler forms of surgery rely on effective antibiotics to battle the nosocomial infections that might 

occur during the treatments. One type of antibiotic resistance that is spreading very rapidly across 

the world is resistance to antibiotics that have a β-lactam structure (see figure 1), such as penicillins, 

cephalosporins and carbapenems (Hawkey and Jones 2009, Canton et al. 2008). The first 

cephalosporin, or rather the fungus producing it (Cephalosporium acremonium, now renamed 

Acremonium chysogenum), was discovered by an Italian professor named Brotzu. He found that it 

had an antimicrobial effect on Salmonella typhi, the cause of typhoid fever (Muñiz et al. 2007). 

Carbapenems are β-lactam antibiotics characterised by the presence of a β-lactam ring with a 

carbon where the sulphur is located in other β-lactams (see figure 1). The carbapenems were first 

isolated from Streptomyces olivaceus (Kattan et al. 2008, Nicoletti et al. 2002). Many different 

versions of both cephalosporins and carbapenems, as well as of penecillins have been synthesized 

over the years, first for making them suitable as drugs and later as a strategy to overcome the 

bacterial development of resistance to the older versions. 

   The resistance to β-lactams is mediated through enzymes, today mainly the extended spectrum β-

lactamases (ESBLs), which break the β-lactam ring. ESBLs are commonly expressed in members of 

the Enterobacteriaceae family for example Escherichia coli and Klebsiella pneumoniae (Su et al. 

2008, Paterson 2006). β-lactamases that act on penicillins, cephalosporins and carbapenems are 

referred to as penicillinases, cephalosporinases and carbapenemases respectively.  Some of these 

Enterobacteriaceae are opportunistic pathogens and usually a part of the commensal flora of their 

hosts (Murray et al. 2005). 

 

 

 

 

 

 

 

 

 

Figure 1. β-lactams, here represented by a penicillin (left), a cephalosporin (middle) and a 

carbapenem (left). The β-lactam ring is highlighted in red in the penicillin and the cephalosporin. 

Carbapenems have a carbon atom where the other β-lactams have a sulphur atom (red arrow). 

 

 

Classification of extended spectrum β-lactamases 

   The definition of ESBLs is currently debated (Livermore 2008). Classically the definition of an 

ESBL is based on it having three characteristics: (i), it is an acquired β-lactamase – the gene for it 

was not originally from the bacterium, that is now expressing it, (ii), the enzyme is active against 

third generation cephalosporins – cephalosporins developed to have a greater impact on Gram-

negative bacteria and to be more resistant to β-lactamases, and (iii), its activity can be reversed by 

clavulanic acid – a competitive inhibitor of beta-lactamases (Bush et al. 1995).  According to some 

scientists, this is considered a too narrow and impractical definition, mainly because there are many 

β-lactamases with activity against extended spectrum cephalosporins and/or carbapenems that are 

not classified as ESBLs according to the classical system. Giske et al. (2009) proposed a wider 

definition of ESBL, that would include all clinically important acquired (primarily by plasmid 

conjugation) β-lactamases with activity against extended spectrum cephalosporins and/or 

carbapenems, meaning plasmid borne AmpC-type and OXA β-lactamases and carbapenemases as 

well as the enzymes previously classified as ESBLs. Resistance mediating AmpC enzymes (many 
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bacteria have chromosomal AmpCs that do not mediate resistance) are primarily cephalosporinases 

and many of them are plasmid borne (Nordmann 1998). Chromosomal Amp C enzymes are 

penicillin binding proteins and they are normally a part of the cell wall synthesis, overexpression of 

chromosomal AmpCs mediate resistance in some bacteria (Lindberg and Normark 1986). The 

AmpC enzymes were originally named for their ability to mediate ampicillin resistance (Eriksson-

Grennberg et al. 1965). OXA β-lactamases are named for their ability to hydrolyze oxacillin, a type 

of penicillin (Stürenburg and Mack 2003). According to Giske the classical ESBLs (defined above) 

are classified into the ESBLA group. Plasmid encoded AmpC type enzymes and OXA ESBLs are 

both defined as miscellaneous ESBLs (ESBLM-C and ESBLM-D, respectively). Acquired 

carbapenemases are simply defined as ESBLCARBA. The new classification system will be used in 

this report. Generally isolates producing ESBLA or/and ESBLM are resistant to most β-lactams, 

except for carbapenems, whereas ESBLCARBA producing isolates often are resistant to all β-lactams. 

 

 

History of extended spectrum β-lactamases 

   ESBLs emerged as a bacterial response to the selection pressure of the extended spectrum 

cephalosporins that were developed in the 1980s. The earliest ESBLs that were detected carried 

point mutations in plasmid-borne narrow spectrum β-lactamases (in general penicillinases). The 

first ESBL discovered was SHV-2 (Kliebe et al. 1985) which belongs to the SHV family of 

plasmid-borne β-lactamases thought to originate from a chromosomal β-lactamase from K. 

pneumoniae (Haeggman et al. 1997). The name SHV is based on the biochemical properties of 

these enzymes; it is a contraction of sulphydryl variable (Heritage et al. 1999). But already twenty 

years earlier a plasmid encoding a β-lactamase had been found (Datta and Kontomichalou 1965), in 

this case the penicillinase TEM-1, not an ESBL itself, but the origin enzyme of another large ESBL 

family of enzymes. The TEM-ESBLs were named for Temoniera, the patient from whom the 

resistant bacteria were isolated (Heritage et al. 1999). Most TEM enzymes are not ESBLs, but 

mutations have occurred in TEM-1 yielding new enzymes with extended β-lactamase activity. Both 

TEM and SHV ESBL enzymes are classified as ESBLA (the classical group). Another strategy for 

some Gram-negative bacteria to cope with the increasing use of cephalosporins was to overexpress 

their chromosomal AmpC-type β-lactamases, which subsequently became mobilized to plasmids 

(ESBLM-C), raising resistance levels again. These resistance genes have disseminated rapidly to 

other species that do not have endogenous AmpC-type enzymes e.g. K. pneumoniae, Proteus and 

Salmonella spp. and to Shigella spp. and E. coli that have a tightly regulated chromosomal blaampC. 

The reason for the rapid spread of this type of resistance among the Enterobacteriaceae is that the 

β-lactamase genes are transferred over to plasmids, and that the plasmids readily spread by 

conjugation (reviewed by Su et al. 2008). The acquisition of an ESBL plasmid is strongly selected 

for by the extensive use of cephalosporins and penecillins in human and veterinary medicine.  

   Enterobacteriaceae expressing TEM and SHV-ESBLs, respectively, were the most common 

ESBL types found in clinical isolates until the end of the 1990s, when there was a shift towards 

ESBLs of the CTX-M type (Livermore et al. 2007). The naming of the first CTX-M enzyme refers 

to its hydrolytic activity against the cephalosporin cefotaxime (Bauernfein et al. 1990). Although 

TEM- and SHV-producing isolates still persist, CTX-M-producing Enterobacteriaceae rapidly have 

become the most prevalent of ESBLs and are endemic in large parts of Europe (Cantón et al. 2008), 

and there have been a number of outbreaks in Sweden (Lytsy et al. 2008, Alsterlund et al. 2009). 

 

 

Origin and dissemination of CTX-M types of ESBL 

   CTX-M enzymes have been phylogenetically divided into five different clusters, or groups; CTX-

M-1 group, CTX-M-2 group, CTX-M-9 group, CTX-M-8 group and CTM-M-25 group. The 

identity at the amino acid level among the enzymes within a group is larger than 94%, and the 

identity among enzymes from different groups is less than 90% (Bonnet 2004). The progenitors to 

two of the clusters are thought to be natural chromosomal β-lactamase genes (bla) coding for CTX-
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M enzymes from Kluyvera species. These genes have been transferred to plasmids from Klu. 

ascorbata in the case of the CTX-M-2 group (Humeniuk et al. 2002) and Klu. georgiana in the case 

of both the CTX-M-8 and the CTX-M-9 groups (Poirel et al. 2002, Canton and Coque 2006). As for 

the CTX-M-1 group, both Klu. cryocrencens and Klu. ascorbata has been suggested as the probable 

source for the parental enzyme of the group (Canton and Coque 2006, Canton et al. 2008). The 

source the CTX-M-25 is still undetermined. This mobilization of blaCTX-M genes has been mediated 

by a number of different elements. ISEcp1 and ISEcp1-like insertion sequences have been found 

linked to many different CTX-M enzyme coding genes from different CTX-M clusters, and a few 

other insertion sequences have been found together with one or two blaCTX-M genes. Genes coding 

for CTX-M-9 and CTX-M-2 also have been found in unusual class 1 integrons. (Bonnet 2004) 

   The CTX-M-1 cluster has representative β-lactamases prevalent in nearly all European countries, 

where the most commonly isolated ones are CTX-M-3 and CTX-M-15. Originally isolated in India 

(Karim et al. 2001), CTX-M-15 rapidly has become the most prevalent ESBL in Europe, but 

isolates carrying these plasmids have been found all over the world. The rapid spread has been 

mediated through epidemic plasmids carrying the blaCTX-M-15 gene, and by the increased hydrolytic 

activity against the cephalosporin ceftazidime (caused by a point mutation in this gene that is the 

only thing that distinguishes it from blaCTX-M-3), giving increased evolutionary advantages to 

bacteria living under β-lactam selection pressure. CTX-M-15 is also strongly associated with the 

highly virulent E. coli strain O25-ST131 (Nicolas-Chanoine et al. 2007, Woodford 2008), this is 

thought to have mediated the widespread dissemination. CTX-M-3 is mainly described from 

isolates in Eastern Europe. (Cantón et al. 2008) Members of the CTX-M-9 cluster are mostly found 

in Spain (Hernandez et al. 2005). Members of the CTX-M-2 cluster are prevalent in isolates from 

South America and from certain Asian countries, such as Japan, while it is not so common and 

unevenly distributed in Europe. CTX-M-8 was first found in Brazil (Bonnet et al. 2000) and is 

represented in Europe only in the UK so far (Hopkins et al. 2006a, Cantón 2008). 

 

 

Characterization of ESBL plasmids 

   The need to accurately characterize these plasmids is great. In part this is for epidemiologic 

reasons; to be able to find out if and how these epidemic resistance plasmids are spread within the 

health care system as well as in the community and to direct infection control measures to stop the 

spread if possible. In part this is for therapeutic reasons; if the patients with the ESBL-carrying 

bacterial infections shall have the right treatment in time; fast laboratory susceptibility methods 

need to be in place to direct the correct usage of antibiotics. Correct antibacterial treatment is 

crucial for the outcome for the patient. 

   One of the ways to characterize plasmids is by incompatibility groups. Plasmids that are closely 

related and share common replication control systems cannot be propagated stably in the same cell 

line; hence, they are incompatible (Datta and Hedges 1971) and classified into the same 

incompatibility (Inc) groups. At the moment there are 27 different Inc groups recognized for 

Enterobacteriaceae (Carattoli 2009). Since the late 1980s a Southern blot method of characterizing 

plasmids by Inc group has been available. The method is based on using cloned replication 

initiation regions (replicons) as probes for the plasmid´s own replicon(s) (Couturier et al. 1988). 

One of the advantages of this method is that all plasmids have (at least) one replicon. Replicons are 

also highly conserved due to their importance for plasmid endurance and spread. Many replicons 

are regulated by small RNAs. When Couturier et al. constructed the method (for 19 different basic 

replicons), they found that the replicon of the plasmid did indeed cohere with the Inc group of the 

plasmid, but replicon typing was both faster and more specific. Still, the Southern blot method can 

have problems, such as cross hybridization. A PCR (polymerase chain reaction)-based replicon 

typing (PBRT) scheme has been developed by Carattoli et al. (2005) for detection of the 18 major 

plasmid families for the Enterobacteriaceae family, but this cannot detect if one plasmid has 

multiple replicons or if there are several plasmids in one isolate (which is quite common). It is then 

not possible to decide what replicon the plasmid that is carrying the ESBL gene has. Barton et al. 
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(1995) suggested a characterization method that is a combination of S1-nuclease linearization of 

plasmids, Pulsed field gel electrophoresis (PFGE) and Southern blot. PFGE is a method that 

separates large DNA fragments (in this case the plasmids) well. Before the PFGE was run plasmids 

are linearized by treatment with S1-nuclease. S1-nuclease cuts single stranded DNA, but do also 

recognize regions of super coiled DNA as such. During plasmid linearization S1-nuclease first nicks 

the supercoiled DNA (plasmids) in one to three discrete regions. Then S1 cuts the intact strand 

opposite to one of the nicks, where the DNA actually is single stranded, this results in linearized 

plasmids (Germond et al. 1974). The plasmids sorted according to size in the PFGE gel and the 

linearization of plasmids by S1-nuclease secured that each plasmid type only gave rise to one band 

on the gel. By running PFGE, you gain information on the number of plasmids in each isolate and 

also the plasmid sizes. By Southern blot you can detect (by Southern blot) what replicon(s) are 

present on the plasmids and it also makes it possible to detect whether or not a plasmid is carrying a 

certain gene(for instance a resistance gene). The most complete method for identification of 

plasmids of course is full-length sequencing, but this is too expensive and time consuming for a 

simple characterization protocol. 

 

 

Association of ESBL genes and replicons in plasmids 

   Resistance plasmid families (of them many ESBL plasmids) in Enterobacteriaceae are reviewed 

by Carattoli (2009). Here it is stated that the most important plasmid replicon groups that are 

associated with ESBLs are of IncF types. Many variants of F-type replicon plasmids, often with 

more than one kind of F replicon (Couturier et al. (1988) stated that there are several types of F 

replicons), are carriers of blaCTX-M-15, one of the CTX-M-1 type genes (Hopkins et al. 2006b). 

Common replicon-ESBL associations (from Carattoli (2009)) are listed in table 1. 

 

Table 1. Replicon types and which ESBL-genes they’re commonly associated with. 

replicon type CTX-M genes other associated  ESBL genes 

F blaCTX-M-1-2-3-9-14-15-24-27 blaCMY-2, blaSHV-2-5-12, blaTEM-1 

I1 blaCTX-M-1-2-3-9-14-15-24 blaCMY-2-7-21, blaSHV-12, blaTEM-1-3-52 

K blaCTX-M-9-10-14 blaSHV-12, blaTEM-1 

Y blaCTX-M-9 blaTEM-24 

A/C blaCTX-M-2-3-14-15-56 blaCMY-2-4, blaSHV-2-5-12, blaTEM-3-21-24 

L/M blaCTX-M-1-3-15-42 blaTEM-3-10, blaSHV-5 

HI2 blaCTX-M-2-3-9-14 blaSHV-12 

N blaCTX-M-1-3-15-32-40   

 

 

Aims 

   The aim of this project was to set up a pulsed field gel electrophoresis and Southern blot based 

method for characterization of ESBL-associated plasmids, based on some characteristics of 

plasmids; size, replicon and presence of ESBL gene(s). The hypothesis was that disseminated and 

epidemiologically successful (CTX-M associated) plasmids are associated with specific replicon 

types. The method was then used for characterizing clinical isolates from 07RAF-M (a national 

collection of clinical strains collected in 2007) for identification of possible epidemiological links 

between plasmid type and genes conferring ESBL.  
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Results 
 

Pulsed field gel electrophoresis 

   Pulsed field gel electrophoresis was run on S1- nuclease treated bacterial isolates to gain 

information on the number of plasmids in each isolate and also the plasmid sizes. 

   PFGE plugs were made by first centrifuging clinical isolate cultures (grown to exponential phase), 

suspending the pellet and then casting the cells into agarose. The agarose-bacteria mix was poured 

into PFGE plug molds and allowed to solidify. This was done with isolates 005, 008, 019, 029, 033, 

071, 135, 147, 163 and 299 from the 2007 clinical collection 07-RAF-M (collected at the Swedish 

Institute for infectious Disease Control), chosen due to differences in CTX-M genotype, replicon 

types, number of plasmids and resistance pattern. The plugs were treated with lysozyme and 

proteinase K to break down cell structures and so aid discharge of DNA from the plugs when 

electrophoresis was started. Before running a PFGE, thin slices of a plug of each isolate to be tested 

was treated with S1-nuclease to linearize the plasmids. 

   The slices were then cast into the PFGE gel and the electrophoresis was run. In all 

gels/membranes the order in which the isolate plugs, the controls and the marker were casted into 

the gel was the same. Different isolate plugs were used for the control untreated with S1 included in 

each PFGE gel and a DNA-free control was also included. From the PFGE gels the number of 

plasmid(s) and the sizes of the plasmids could be decided (see figures 2, 3 and 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. S1-linearized plasmids visualized on a PFGE gel. Plasmids from clinical isolates were 

analyzed by PFGE after S1 treatment and visualized by GelRed staining. The lanes contain, from 

left to right: marker, isolates 005, 008, 019, 029, 033, 071, 135, 147, 163 and 299, control 1 – plug 

not treated with S1 (isolate 033), control 2 – plug containing no DNA and finally a second marker 

lane. The sizes (in kb) of Low Range PFG Marker bands are indicated on the left (see also figures 5 

and 6). 
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Figure 3. Low Range PFGE Marker 

(from New England BioLabs, Frankfurt 

am Main, Germany). Sizes are in kb. 

Figure 4. Difference in number of plasmids. A part 

of a PFGE gel (other than the one in fig. 4), showing 

the 299 lane (and controls), compared to the marker.  

 

 

Digoxigenin-labeled probe synthesis 

   The Southern blot probes were made with digoxigenin-dUTP included in the PCR reaction mix. 

The PCR then generated probes that were DIG-labeled, and could be immunologically detected by 

anti- DIG-AP (antibodies binding to digoxigenin). Digoxigenin-labeled probes for replicons and 

CTX-M groups that had been detected previously by PBRT for the different isolates (replicons FIA, 

FIB, K, Y and I1 and CTX-M clusters 1 and 9 respectively) were prepared. The probes were tested 

by serially diluting them and spotting them onto a membrane and comparing them to a control with 

known DNA concentration. Concentrations of the probes were estimated (see material and methods) 

and the probes were consecutively diluted for the DIG-labeled probe hybridization and detection 

assay. The probes used in the assays (and their assay concentration) were FIA (~180 ng/ml), FIB 

(~180 ng/ml) and FrepB (~20 ng/ml) from the spotting shown in figure 5 and CTX-M-1 (~25 

ng/ml), CTX-M-9 (~45 ng/ml) and Y (~2.6 ng/ml) from the spotting shown in figure 6.  
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Figure 5. Probe concentration estimation. Spotting with serial tenfold dilutions of probes FIB, 

FIA, A/C, K, I1, Y, CTX-M-1, CTX-M-9 and FrepB (10
-1

 – 10
-5

) for estimation of the concentration 

by comparing them to control DNA (C), supplied by Roche. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Probe concentration estimation. Spotting with serial tenfold dilutions of probes CTX-

M-1, CTX-M-9, K, I1 and Y (10
-1

 – 10
-5

) for estimation of their concentration by comparing them to 

control DNA (C), supplied by Roche. 
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Digoxigenin-labeled probe hybridization and detection 

    The clinical isolate strains that were used for this study has previously been typed with 

Carattoli´s PBRT method and a 454 sequencing of the plasmidome of the isolates had been done in 

a separate project. My PFGE and Southern blot method permitted direct test of the presence of 

different replicons and CTX-M genes in the different plasmids. DNA was transferred from PFGE 

gels to Southern blot membranes, on which replicons and CTX-M genes could be detected. I could 

then see if my results matched the typing and sequencing, which would indicate their accuracy. 

   DNA was transferred from the PFGE gels to a positively charged nylon membrane and the DNA 

was then UV crosslinked to the membrane. The membranes were hybridized with DIG-labeled 

probes, each binding to either a replicon or a CTX-M gene. Thus detection of what replicon the 

CTX-M-carrying plasmid had was possible. Hybridizations with the probes CTX-M-1, CTX-M-9, 

FIA, FIB, FrepB and Y, are shown in figures 7 a-f respectively. In table 2 the plasmids found by 

PFGE and the hybridization of different probes to different plasmids is shown. In some isolates 

more than one plasmid hybridized with a CTX-M probe (see isolates 29, 135, 163 and 299 in blots 

of figure 7a and b) possibly indicating the presence of more than one plasmid with a blaCTX-M gene 

in these isolates. A comparison of my results with previous typing is shown in table 3. 
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Figure 7. Hybridization results. Photos of a GelRed-stained PFGE gel (left) and exposed films 

from the corresponding membrane hybridized with a replicon probe (right), (with DNA transferred 

from the gel).  The lanes contain, from left to right; marker, isolates 005, 008, 019, 029, 033, 071, 

135, 147, 163 and 299, control 1 – plug untreated with S1, control 2 – plug containing no DNA and 

marker. Different isolates were used as controls untreated with S1 in the PFGE gels; in A and B 

(same gel) isolate 033 was used, in C isolate plugs from 019 and 299 were used, in D as well as in E 

and F (same gel) isolate 005 plugs were used. For figure 7c two S1-untreated plugs (019 and 299 – 

C1 a and b) and no plug without DNA was used, this was to test if the non-identical results of the 

PFGEs for these isolates were caused by incomplete S1 cleavage. The probes used in for 

hybridization were: (A) CTX-M-1, (B) CTX-M-9, (C) FIA, (D) FIB, (E) FrepB and (F) Y.  

membranes were used for the hybridizations; the CTX-M probes were hybridized to the same one, 

the FIA probe to one, the FIB probe to one and the FrepB and the Y probes to the same one (the 

membranes were stripped before using a new probe). Marker sizes (in kb) are indicated on the left 

of the gelphotos. 
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Table 2. The characteristics of the plasmids found in this study. 

Plasmid
a
 Probe binding

b
 

Name size (kb) CTX-M-1 CTX-M-9 FIA FIB FrepB Y 

5.1 145 

 

x 

 

x x 

 5.2 70 

    

x 

 8.1 150 x 

 

x x x 

 8.2 100 

      8.3 35 

      19.1 150 x 

 

x x x 

 29.1 110 x 

 

x 

 

x 

 29.2 95 x 

 

x 

 

x 

 33.1 180 x x x x x 

 71.1 70 

 

x 

  

x 

 135.1 200 x 

  

x x 

 135.2 85 

 

x 

    135.3 70 x x 

  

x 

 147.1 180 

 

x x x x 

 147.2 110 

      147.3 100 

      163.1 110 x 

 

x x x 

 163.2 50 x 

     299.1 110 x 

 

x 

 

x 

 299.2 90 

     

x 

299.3 70 x 

   

x 

 299.4 40 

  

x 

   
a Plasmids are named with two numbers, where the first number is the number of the isolate the plasmid was found in 

and the second is given in order of size, (1 is the largest plasmid found for each isolate and smaller plasmids (if any) has 

been numbered in ascending order. Rows of plasmids to which CTX-M-primers hybridized are indicated in bold. 
b based on DIG-detection data from the Southern blot (see figure 7a-f).  

 

 

Table 3. Characterization results of the method of this thesis and previously used methods. 

isolate 

replicon(s) found by 

previous typing 

replicons found by the method 

used in this thesis 

5 F, FIB F, FIB 

8 F, FIA, FIB F, FIA, FIB 

19 F, FIA, FIB F, FIA, FIB 

29 F, FIA F, FIA 

33 F, FIA, FIB F, FIA, FIB 

71 F F 

135 F, FIB F, FIB 

147 F, FIA, FIB, Y
a
, I1

b
 F, FIA, FIB 

163 F, FIA
c
, FIB, K

b
 F, FIA

a
, FIB 

299 F, FIA, Y F, FIA, Y 
a In isolate147 the Y replicon was indicated in the previous PBRT assay, but not in the sequencing. The result of my 

method matched the previous sequencing results. 
b The I1 and K were not found by my method, because the probes were never tried. 
c In isolate 163 the FIA replicon was found by sequencing, but not by PBRT, also here my results matched the 
sequencing results. 
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Reproducibility of the S1-nuclease-PFGE-Southern blot method set up 

   The PFGE procedure was in total preformed nine times with all the isolates. In most of the PFGE 

procedure repeats, the results were identical. However, for two isolates; 299 (repeatedly) and 19 

(twice) the number of bands (which should be equal to the number of plasmids) that occurred in the 

repeated runs were different (see figure 2 and 4). For isolate 299 three and six bands, respectively, 

could be detected. For isolate 19 three bands could be seen on two occasions instead of the one seen 

in a majority of PFGE repeats (nine repeats were done). 

   The exposure time needed for detection of probe hybridized to the membrane varied greatly 

(between four and 24 hours) and was much longer than the five to 30 minutes indicated by DIG 

Luminescent Detection Kit instruction manual (Roche). The hybridization of some probes 

(especially CTX-M-1) was quite unspecific; something that varied between probes (see figure 7a-f). 

But when changing the exposure time with the membrane hybridized with CTX-M-1, it was clear 

that the signal was much stronger from some of the plasmids than from others although the amount 

of DNA from the GelRed-stained PFGE agarose gels was estimated to be the same, indicating a 

difference in specificity where a strong signal from a plasmid band was interpreted as a high degree 

of specificity and a low signal as a low degree of specificity of the probe (see figure 8). 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Differences in strength of probe signal from plasmid bands. Four and 18 hour long 

exposures of membrane hybridized with CTX-M-1 probe. The lanes contain, from left to right; 

marker, isolates 005, 008, 019, 029, 033, 071, 135, 147, 163 and 299, control 1 – plug untreated 

with S1, control 2 – plug containing no DNA and marker (for figure 7c two S1-untreated plugs (C1 

a and b) and no plug without DNA was used) 

 

 

 

18 h 
4 h 

M     5      8     19     29    33    71  135  147   163  299   C1    C2   M     M      5      8     19     29    33     71    135  147  163   299    C1  C2  M   
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Discussion 
   

Characterization of plasmids 

   The PFGE part of the characterization worked well, as clear plasmid bands could be seen and 

sized. Of the probes that were characterized with the method described in this thesis, the FIA, FIB, 

CTX-M-9, FrepB and Y probes had Southern blot results that were in accordance with the 

previously performed PBRT typing and sequencing data. For isolates 147 and 163, the sequencing 

and the PBRT method had given different results and the method described in this thesis agreed 

with the sequencing results. The Southern results of the FIA, FIB, CTX-M-9, FrepB and Y probes 

were thus interpreted as correct and reliable. The CTX-M-1 probe, however, was too unspecific to 

enable an unequivocal interpretation and the conclusions drawn from these results are somewhat 

speculative. But even the somewhat speculative interpretation of the results from the CTX-M-1 

probe hybridization were in quite good accordance with typing results, especially in the 4 h 

exposure (see figure 8) where the probe gave a signal in the isolates that had been typed as CTX-M-

1 (8, 19, 29, 163 and 299), but also in plasmids to which the CTX-M-9 had hybridized (in isolates 

33 and 135). 

   In the Southern blots both the CTX-M-1 and the CTX-M-9 probe, respectively, hybridized with 

more than one band in the same isolate. This could mean that multiple plasmids in the bacterial 

isolate had acquired CTX-M genes. This phenomenon has previously been seen in other studies 

(Coque et al. 2008). Another interpretation is that the linearization by S1 had not worked properly 

and in fact the same plasmid was present on the gel in two different configurations. Especially 

isolate 163 seemed to be a good candidate for having two CTX-M plasmids , since one of the 

plasmids in this isolate (163.1) had three of the probes bound to it (all of them in accordance with 

sequencing) and 163.2 had none of these, but a fourth replicon (K type), is present in the isolate 

according to PBRT and sequencing.  

   All of the CTX-M plasmids were associated with different F replicons, which is in accordance 

with prior publications (Carattoli 2009). Though only one non-F replicon probe (Y replicon) was 

assayed, the results from the PBRT and sequencing data indicate that F replicons dominate in the 

tested CTX-M plasmids. Only three non-F replicons, each in only one or two isolates, were 

identified by these previously used methods in the isolates I assayed. For future applications of this 

assay on ESBL-producing isolates additional probes are recommended to be included to test the 

occurrence of non-F replicons seldom are associated with CTX-M plasmids. 

 

 

Evaluation of method set up 

 

S1-nuclease cleavage and PFGE 

   The S1 mediated cleavage and PFGE method resulted in gels where the plasmids had segregated 

well and were clearly visible. The problem with isolates 299 and 19 where the number of plasmids 

visible on the gel differed when repeating the PFGE was first thought to be caused by incomplete 

cleavage by the S1 nuclease. Plasmids of different conformation have different mobility in an 

electrophoresis gel (Simske and Scherer 1989) and if the S1 cleavage was not complete other 

conformations of plasmids than the linear one might be seen on the gel. This hypothesis was 

investigated by using isolate plugs from 299 and 19 as controls untreated with S1 nuclease to see if 

this resulted in the extra plasmids that had previously been seen in repeat of the method (see Figure 

7c). However the results were not extra plasmid bands. In the samples that had not been treated with 

S1 only two bands were seen in the 299 isolate lane, and one in the 19 isolate lane. But looking at 

the PFGE and blot compilation (Table 2) for the 299 isolate plasmids another explanation is 

possible. Bands 3 and 4 when added together had the same characteristics as band 1 (replicons FIA 

and FrepB and the CTX-M-gene and a size of 110 kb), and bands 3 and 4 might thus be band 1 

broken in two pieces. The S1 nuclease may have produced more than one cut per plasmid or 
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alternatively that some plasmids were fragmented during some other step of the process (this would 

mean that S1 would be site specific, or that some sites in plasmids are extremely sensitive to 

cleavage or fragmentation) . If this is true, similarly the two different bands seen in isolate 29 with 

identical characteristics (see Table 2) might represent the same plasmid, only with a small part (~ 15 

kb) being cleaved off from the faster migrating band. However, they might also represent different 

plasmids; where in each of the plasmids one of the replicons is dominant, since plasmids with the 

same replicon in general do not coexist in the same strain. 

    

Hybridization 

   The hybridization results were good in that they were in accordance with typing and sequencing 

results (as described above) and probes clearly bound to certain plasmids, but not as good with 

respect to stringency (the binding to any highly concentrated DNA) and time consumption during 

exposure. Apart from hybridizing more or less specifically to different plasmids all probes except 

for the Y probe hybridized with the DNA left in all wells and the chromosomal DNA that had 

migrated a short stretch into the PFGE gel (for all of the different isolates, irrespectively of whether 

they contained a plasmid specific for the tested probe or not). The CTX-M-1 probe was especially 

unspecific, the probe hybridized not only to plasmids containing blaCTX-M-1 genes, the wells and the 

chromosomal DNA, but also to plasmids with blaCTX-M-9 genes and even to the strongest bands of 

the marker. Most likely this is an artifact due to unspecific binding of the probes or to the 

significantly higher concentrations of DNA in the wells and chromosomal bands than in the plasmid 

bands. A small trace of this phenomenon can be seen in the Southern blot in Claesson et al. 2006 

(same method used), but it is not at all as pronounced as in the blots in this study. This shows that 

the method has to be further optimized if it is to be used as a tool for characterizing ESBL plasmids. 

The promiscuous binding of the probes might be due to imperfect stringency settings of the 

hybridization. As seen on the gel photos, the concentration of non-plasmid DNA was much higher 

than that of the plasmids. If the stringency settings are too low, unspecific binding of the probes to 

the high concentrated DNA-bands is allowed. It is clear when comparing gels and blots that 

promiscuous probe binding indeed took place to bands with high DNA concentration. To increase 

the stringency settings of the method the temperature and the salt concentration during 

hybridization can be changed (higher temperature and lower salt concentration gives higher 

stringency). 

   The Y probe was added in lower concentrations than the other probes, according to the estimation 

of probe concentration, compared to the other probes used. So lower concentration of the probe 

might cause higher specificity, but the exposure time for the Y probe detection was about 25 h 

which is too time consuming to be practical. The Y probe is also unique among the probes tried as 

the different F replicons are quite alike and so are the CTX-M genes. If the probes are a bit 

unspecific they will hybridize with DNA that share much of the sequence e.g. a F type probe more 

easily binding to “the wrong F type replicon” than any other random DNA sequence, but the Y 

probe could not find any “wrong Y type replicon” and hybridize to it, because none was present. 

   The problem might also be caused in a step prior to hybridization for example the S1-treatment 

might have been incomplete, meaning that some of the plasmid DNA is trapped in the well or in the 

chromosomal DNA and that this might be the reason for the strong signal from these DNA-entities. 

The DNA might also have been in a too high concentration for the S1 to be able to cleave all the 

plasmids during the incubation time with the nuclease. However, this cannot be the whole 

explanation, since the probes hybridized not only to the DNA in the wells and chromosomal DNA 

of the isolates where the corresponding replicons were present but also to the other isolates (with 

the exception of the Y probe).  

   A third explanation to the seemingly unspecific signaling of the probes is that the probe might 

bind to GelRed, the dye used to visualize the DNA in the PFGE-gels. Different from previous users 

of these methods I used GelRed for staining the PFGE gels while others have used ethidium 

bromide (EtBr). It is not clear what GelRed consist of due to proprietary reasons, but it is clear that 

it binds nucleic acids (as GelRed is made for binding to and stain them). Moreover nylon 
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membranes can irreversible bind many stains. The use of GelRed might aid the promiscuous 

binding of the probes to the high concentration DNA bands on the membranes. It might also be so 

that GelRed binds with different efficiencies to linear and circular DNA. It is known that less EtBr 

molecules can bind circular than linear DNA (Snyder and Champness 2007)  if this is the case for 

GelRed as well, GelRed may actually blocking binding of probes to the  linearized plasmid DNA 

bands during the hybridization. But since so little information on GelRed binding of DNA is 

available it is hard to say which way it would aid promiscuous binding, if it is shown that using 

EtBr increases the specificity of the hybridization. 

   The unspecific binding seems to be caused by a combination of more than one factor and many 

adjustments of the method might have to be tried for the right settings to be sorted out. Even though 

the CTX-M-1 probe was quite unspecific since it bound to high concentrated DNA of any kind, it is 

still most probable that the plasmids it bound actually were CTX-M-plasmids since the amount of 

plasmid-DNA was much less than the amount of DNA in the wells and in the chromosomal bands in 

combination with the fact that the probe did not bind all plasmids. 

   Another problem with setting up this method was the generally too long exposure time when 

detecting plasmid bound probes on the membrane by chemiluminescence. For the method to be 

considered for extensive use the exposure times has to be much reduced. I thought that the probes 

that had a higher concentration in the estimation of probe concentration might have a shorter 

exposure time due to more binding to the DNA on the membrane this was not the case. If GelRed 

acts as a blocker of probe binding (as described above), this might be the cause of the too long 

exposure times. 

 

 

Future plans for the project 

   As described in the introduction, the method is meant to be used as a tool for ESBL plasmid 

characterization, especially for looking at dissemination of plasmid clones. The method will make it 

possible to find epidemiologically successful plasmids (if there are any) and to find out if a spread 

of plasmids is occurring (for example in a hospital). The characterization results were really 

promising, as the information that was wanted (visualization of all plasmids in an isolate, detection 

of what replicon(s) are present on the plasmids and whether or not a plasmid is carrying a CTX-M 

gene), also was obtained and in accordance with previous typing.  

   But before the method could be applied to characterize previously unstudied isolates many 

improvements have to be done. The question of S1 cleavage (or other possible causes for PFGE 

repetition with the same isolate plugs giving different results) will have to be sorted out. This can be 

done by trying different concentrations of and/or incubation times with the S1 nuclease, and also by 

trying different concentrations of bacteria (i.e. DNA) in the PFGE plugs. Another way would be to 

try or other ways of linearizing plasmids. 

   The Southern blot part will have to be made much more specific in the hybridization step (by 

trying different stringency settings and perhaps probe concentrations) and the exposure times need 

to be significantly lowered. The first step in trying to improve hybridization and exposure time will 

be to try staining with EtBr instead of GelRed, to see if GelRed might be (as I suspect) a 

contributing factor for the problems with these parts of the method. 
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Materials and methods 

 

Strains 

   As source of clinically isolated ESBL-plasmids 07RAF-M, a collection of ESBLA-producing E. 

coli and K. pneumoniae collected from 26 Swedish clinical laboratories during February – April 

2007, was used (all isolates I used was E. coli). A majority of the isolates from both species were 

isolated from urine. The isolates had previously been typed both with DiversiLab® repetitive 

sequence-based PCR and pulsed-field gel electrophoresis (PFGE) and also screened for CTX-M 

encoding genes and for plasmid replicon types present in the isolate by  454 sequencing of the 

isolate plasmidomes (a previous, unpublished, study in this lab). The isolates were chosen to 

represent different types and combinations of replicons, different CTX-M groups and had different 

resistance patterns, see table 4.  

   The strains I used for making DIG-probe templates for the replicons were named for their replicon 

type; FIA, FIB, FrepB, I1, K, Y and A/C. They were provided by Alessandra Carattoli (Department 

of Infectious, Parasitic and Immune-mediated Diseases, Istituto Superiore di Sanità, Rome, Italy). 

The strains used for making DIG-probe templates for the CTX-M genes were CCUG numbers 

55971 (CTX-M group 1) and 55970 (CTX-M group 9), CCUG is the Culture Collection University 

of Göteborg. 

 

Table 4. The clinical isolates used for ESBL plasmid characterization, and their previously 

known characteristics (from previous studies in this lab). 

Isolate collection 

number ESBL group 

Other antibiotics 

resistance 
a
 Replicon type/types 

005 CTX-M-9 MDR F, FIB 

008 CTX-M-1 MDR F, FIA, FIB 

019 CTX-M-1 MDR F, FIA, FIB 

029 CTX-M-1 MDR F, FIA 

033 CTX-M-9 MDR F, FIA, FIB 

071 CTX-M-9 -  F 

135 CTX-M-9 MDR F, FIB 

147 CTX-M-9 MDR F, FIA, FIB, Y, I1 

163 CTX-M-1 -  F, FIB, K 

299 CTX-M-1 MDR F, FIA, Y 

ª MDR = resistance to trimethoprim, nalidixic acid, aminoglycosides. 

 

 

Chemicals 

   Many of the chemicals were supplied by “Substratavdelningen” at Karolinska University 

Hospital, Solna. These chemicals will be referred to as originating from “KS Substrate”. 

 

 

DIG probe synthesis 

    DNA was extracted from CCUG strains 55971 (CTX-M group 1) and 55970 (CTX-M group 9), 

and from Carattoli replicon strains FIA, FIB, FrepB, I1, K, Y and A/C with Ultra Clean Microbial 

DNA Isolation Kit from MO BIO Laboratories Inc. in Carlsbad USA. PCR was then run on the 

extracted DNA with protocols from Carattoli et al. 2005 (described in table 5) and primers 

described in table 6. The annealing temperatures and primers for the CTX-M PCRs were taken from 

Tofteland et al. 2007 (other than that the PCRs were also run with the Carattoli protocol). Diverging 

from the Carattoli protocol, all PCR-reactions were done in simplex versions (in the Carattoli 

PBRT-protocol, some PCRs are done in multiplex versions, meaning that primers for more than one 
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replicon is present in the same reaction I used the same protocol, but used only primers for one 

replicon), see table 5. The reactions were run with an annealing temperature of 60°C, except for 

replicon type F reaction that had 52°C and the CTX-M reactions that had 58°C. All PCR products 

were analyzed on 1% Seakem agarose (from Lonza, Basel, Switzerland) gels in 1x TBE buffer 

(89mM Tris-HCl, 89 mM Boric acid, 2 mM EDTA, pH 8.0, from KS substrate). The Y PCR product 

had multiple bands on the gel (a problem that had been seen in previous studies in this lab with the 

Y primers and Carattoli protocol) so a new gel was run and what was left of the Y PCR product 

(about 40 µl) was loaded on it. The correct Y DNA band of 765 bp size (Carattoli et al. 2005) was 

cut out and a gel extraction with GFX™ PCR DNA and Gel Band Purification Kit from GE 

Healthcare (Little Chalfont, UK) was performed. All PCR products were purified with Auto Seq G-

50 Terminator Removal Kit from GE Healthcare (Little Chalfont, UK), and their concentrations 

were measured by NanoDrop (Thermo Scientific, Göteborg, Sweden). The purified PCR amplicon 

concentrations were between 30 and 50 ng/µl. 

   The purified PCR products were used as templates for the DIG-labeled probe synthesis reaction. 

The probes were made with the PCR DIG Probe Synthesis protocol of Roche (Mannheim, 

Germany). Reagents from the PCR DIG Probe Synthesis kit from Roche (Mannheim, Germany) was 

used for synthesis of the DIG labeled probes, with templates described above (1 µl template per 50 

µl reaction) and with the same primers and PCR temperature settings and durations and primers as 

in the corresponding template reactions (see tables 5 and 6). All probes were analyzed on 1% 

Seakem agarose (from Lonza, Basel, Switzerland) gels in 1x TBE buffer. 

 

Table 5. The PCR reaction setup for amplification of template for DIG-PCR probe synthesis ª. 

Reagent Volume per 

tube(µl) 

Final conc. 

10x PCR Gold buffer (Applied biosystems, Nieuwerkerk, Netherlands) 5 1x 

MgCl2, 25 mM (Applied biosystems, Nieuwerkerk, Netherlands) 5 2.5 mM 

dNTPs 10 mM (GE Healthcare, Little Chalfont, UK) 1 200 µM 

Primer F 10 µM (Invitrogen, Paisley, UK or CyberGene, Stockholm, Sweden)) 1 0.5 µM 

Primer R 10 µM (Invitrogen¸ Paisley, UK or CyberGene, Stockholm, Sweden)) 1 0.5 µM 

Taq Gold 5u/µl (Applied Biosystems, Nieuwerkerk, Netherlands) 0.2 0.6 u/25 µl 

MilliQ H2O 32.8  

Total volume reagents 46  

template 4  
ª Temperature settings and duration of PCR reaction steps: initial denaturation 5 min at 94°C was followed by 30 

cycles of denaturation 1 min at 94°C, then annealing for 30 sec at52/58/60°C (depending on template) and last 

elongation 1 min at 72°C.  Final elongation of unfinished fragments was done for 5 min at 72°C.  
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Table 6. PCR primers used for making templates for, as well as in the PCR probe synthesis. 

Name DNA sequence Target site 

A/C FW 5′-gagaaccaaagacaaagacctgga-3′ repA 

A/C RV 5′-acgacaaacctgaattgcctcctt-3′  

blaCTX-M FW 5´-scsatgtgcagyaccagtaa-3´ blaCTX-M genes 

blaCTX-M RV 5´-accagaayvagcggbgc-3´  

FIA FW 5′-ccatgctggttctagagaaggtg-3′ iterons 

FIA RV 5′-gtatatccttactggcttccgcag-3′  

FIB FW 5′-ggagttctgacacacgattttctg-3′ repA 

FIB RV 5′-ctcccgtcgcttcagggcatt-3′  

FrepB FW 5′-tgatcgtttaaggaattttg-3′ RNAI/repA 

FrepB RV 5′-gaagatcagtcacaccatcc-3′  

I1 FW 5′-cgaaagccggacggcagaa-3′ RNAI 

I1 RV 5′-tcgtcgttccgccaagttcgt-3′  

K/B FW 5′-gcggtccggaaagccagaaaac-3′ RNAI 

K RV 5′-tctttcacgagcccgccaaa-3′  

Y FW 5′-aattcaaacaacactgtgcagcctg-3′ repA 

Y RV 5′-gcgagaatggacgattacaaaacttt-3′  
All primers used were purchased from Invitrogen (Paisley, UK) except the blaCTX-M 

primers that were from CyberGene (Stockholm, Sweden). The sequences of the replicon 
primers were taken from Carattoli et al. 2005 and the sequences of the blaCTX-M primers 

were taken from Tofteland et al. 2007. 

 

 

Estimation of probe concentrations 

The probe solutions and a DIG control DNA solution (from DIG luminescent Detection Kit from 

Roche (Mannheim, Germany)) were diluted 10
-1

 – 10
-5

 in ddH2O. One row with the different 

dilutions of each probe and one row of control DNA dilutions were spotted (1 µl per sample) on a 

positively charged nylon membrane from Roche (Mannheim, Germany). The spots were air dried 

for 20 min, rinsed in wash buffer (0.1 M maleic acid, 0.15 M NaCl pH 7.5 and 0.3% Tween 20 

(v/v)) for five minutes and the membrane was then incubated for 30 min in 100 ml 1x blocking 

solution (Blocking reagent, from DIG luminescent Detection Kit from Roche (Mannheim, 

Germany), dissolved in Maleic acid buffer (0.1 M maleic acid, 0.15 M NaCl, pH 7.5) from KS 

Substrate). The anti-DIG-AP(alkaline phosphatase) solution (antibodies against digoxigenin 

conjugated to alkaline phosphatase) was centrifuged at 12500x g for 5 minutes and then 3 µl was 

added to 30 ml blocking solution (1:10000 dilution). After this the membrane was incubated for 30 

min in the anti-DIG-AP solution. The membrane was transferred to a new container and washed 

2x15 min in 100 ml of wash buffer. After this it was equilibrated in 30 ml of detection buffer (0.1 M 

Tris-HCl, 0.1 M NaCl, pH 9.5) for 2-5 minutes.  

   The membrane was then transferred to a “reaction bag” and 1 ml of 100x diluted (in detection 

buffer) Chloro-5-substituted adamantyl-1,2-dioxetane phosphate (CSPD) from DIG luminescent 

Detection Kit from Roche (Mannheim, Germany) was added over the membrane. The bag was 

closed and the solution was added evenly over the membrane. After this, it was incubated for 5 min 

and then excess solution was removed by wiping the bag. The bag was then incubated for 5-15 

minutes at 37°C for luminescence reaction induction. The reaction bag was mounted in a 

luminescence cassette and set in the dark room with Chemiluminescent detection film (Lumi film 

from Roche (Mannheim, Germany)) cut to fit the membrane, and it was left for exposure at room 

temperature for 15 min. If the signal was too weak after development of the film, exposure was 

repeated with increased exposure time. The exposure time varied between 15 min and 1 h. The 

labeling intensity of the probe spots were then manually compared to the row of control DNA, the 
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estimation of probe concentrations should be seen as very approximate. The control DNA (from 

DIG luminescent Detection Kit from Roche (Mannheim, Germany)) was 0.52 ng per µl. The 

different probe dilutions were compared to the control DNA dilutions to estimate the concentration 

of the probes according to this formula: (estimated ratio of probe – control DNA) x (0.52 ng/µl) x 

(volume of probe) = final amount of probe (ng).  

   When used for hybridization, the final amount of probe was diluted in 10 ml of prehybridization 

solution (250 ml 20x SSC (Saline-Sodium Citrate; 3 M NaCl, 300 mM NaCitrate, pH 7.0, from KS 

substrate), 1g N-laurosylsarcosine, 2 ml 10% sodium dodecyl sulfate (SDS) from KS substrate, 100 

ml 10x blocking solution (50g blocking reagent from DIG luminescent Detection Kit from Roche 

(Mannheim, Germany dissolved in 500 ml maleic acid buffer (0.1 M maleic acid, 0.15 M NaCl (KS 

substrate), 638 ml ddH2O). The final concentration was: (final amount of probe)/10 ml = probe 

concentration (ng/ml). 

 

 

Pulsed Field Gel Electrophoresis 

 

Preparation of PFGE plugs 

   Cultures in BHI-medium (Difco Laboratories Inc., Detroit, USA, from KS substrate) were started 

from colonies and incubated over night. The overnight culture (50 µl) was inoculated into 5 ml of 

BHI and incubated for 4 h at shaking and then transferred to a Falcon tube and centrifuged at 2100x 

g for 10 min. The supernatant was removed and the pellet resuspended in 1 ml of cold PIV-buffer 

(10 mM Tris-HCl, 1 M NaCl, pH 7.6, ordered from the KS substrate). 495 µl of the suspension was 

transferred to an eppendorf tube and 5 µl of lysozyme (100 mg/ml, from Sigma Aldrich (Steinheim, 

Germany), diluted in MilliQ H2O) was added, this was vortexed and equilibrated in 50°C water bath 

for about five minutes. Five hundred µl of 2% Seakem agarose (from Lonza (Basel, Switzerland)) 

was added to the solution, which was mixed thoroughly by vortexing. The mixture was rapidly 

transferred to the plug mould, and left to solidify at 4°C for 15 min. The plug was transferred to a 

tube containing 2 ml of lysis buffer (10 ml of basic buffer (100 mM EDTA, 6 mM Tris-HCl, 1 M 

NaCl, 0.5% Brij 58 (from Sigma, Steinheim, Germany), pH 7.6), 0.02 g deoxycholate from Sigma 

(Steinheim, Germany), 0.05 g N-laurylsarcosine from Sigma (Steinheim, Germany), 100 µl 100 

mg/ml lysozyme and 1 µl 10U/µl RNase ONE from Promega (Nacka, Sweden)) and then incubated 

at 37°C for 2 h with slow shaking. The lysis buffer was removed and the plug washed in 1 ml 

MilliQ H2O for 15 min. The water was then removed and 1 ml of ESP-buffer (0.5 M EDTA pH 9 

(KS substrate) and 1% N-laurylsarcosine) containing 50 µg/ml of proteinase K-solution (100 mg 

proteinase K from Roche (Mannheim, Germany) in 10 ml 50 mM Tris-HCl (KS substrate, 10 mM 

CaCl2 (Sigma), pH 8.0 ) was added to the plug. This was then incubated over night at 50°C. The 

proteinase K solution was removed and the plug was then washed in 1 ml of TE (10 mM Tris-HCl 

pH 8.0, 0.1 mM EDTA, from KS substrate) buffer for 30 min twice. The plugs were stored in 1 ml 1 

M EDTA pH 8.0 in 4°C. 

 

S1 nuclease plasmid linearization and pulsed field gel electrophoresis 

   A thin slice of a previously prepared PFGE plug was placed in an eppendorf tube and washed for 

30 min in 1 ml 1M Tris-HCl pH 8.0 (KS substrate) buffer  to remove EDTA. Then the plug was 

washed in 125 µl of S1-nuclease buffer (from Promega (Nacka, Sweden)). An S1 enzyme mix was 

prepared (per plug: 12.5 µl S1 buffer, 0.5 µl S1 nuclease (from Promega (Nacka, Sweden)) and 112 

µl MilliQ H2O). The plug slices were transferred into each 125 µl of the S1 mix and then incubated 

for 25 min at 37°C and then immediately put on ice. (A control plug that was not treated with S1 

was instead treated with only S1-buffer one additional time.) The S1 nuclease mixture was removed 

and the plug washed 2x30 min in cold TE-buffer (on ice). An agarose gel was prepared by boiling 

1.2 g Seakem agarose (from Lonza (Basel, Switzerland)) in 120 ml of 0.5x TBE-buffer, and then 

equilibrated at 50°C. The plugs were placed onto the gel comb, fastened with a drop of agarose and 

then placed directly into the gel by inserting the comb before pouring the agarose. Different isolate 
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plugs were used as control 1 in repeats of the PFGE experiments and in the gel used to make the 

membrane hybridized with FIA, two controls untreated with S1 (plugs from isolates 19 and 299) 

and no C2 (without DNA) was added. The marker used was Low Range PFG Marker from New 

England BioLabs (Frankfurt am Main, Germany) with an effective size range of 0.13 to 194 kb. The 

electrophoresis was run for 15 h with a pulse time of 1-12 s, with 0.5x TBE-buffer at 15°C and on 6 

V/cm. After the PFGE program had run the gel was transferred into a GelRed (Biotium, Hayward, 

California, USA) bath (20 µl 10000x GelRed solution in 200 ml dH2O) for 20 min for staining and 

then the gel was photographed. 

 

 

Southern blot 

 

DNA transfer to membrane 

   All steps were performed at room temperature. The gel was washed in 250 ml of depurination 

solution (0.25 M HCl, mixed from 1 M HCl from KS substrate; 1 part HCl and 3 parts dH2O) for 30 

min. The gel was then washed in 250 ml denaturing solution (1.5 M NaCl, 0.5 M NaOH) and lastly 

it was washed in 300 ml of neutralization solution (1.0 M Tris-HCl, 1.5 M NaCl, pH 7.5). 

   The porous support of the vacuum blot (Vacuum Blotter from Appligene
1
) was soaked in H2O and 

placed in the blotting container. Two filter papers and a positively charged nylon membrane 

(Boehringer Mannheim) were cut in the same size as the gel and a plastic frame (3-10 mm shorter 

than the gel in both directions) was prepared. The plastic frame was placed on top of the porous 

support to mark the position of the filter papers and later also the nylon membrane and PFGE gel. 

The filter papers were soaked in sterile H2O and placed on top of the plastic frame, and then the 

frame was taken off. 

   The membrane was soaked in sterile H2O and placed on the filter papers (air bubbles were 

removed). The plastic frame was put back on and the gel was placed on top of the frame (air 

bubbles were removed). The top frame of the vacuum blot was put on. Liquid Agarose (1% Seakem 

agarose (from Lonza (Basel, Switzerland)) in 1xTBE) was poured around the gel and the top frame 

to prevent leakage. Any small cracks in the gel were mended with agarose as well. The gel was 

covered with transfer solution (20x SSC (3 M NaCl, 300 mM NaCitrate, pH 7.0)  from KS 

substrate), the vacuum pump was set to 50 mbar; the vacuumblot was run for 90 min. 

   The pump was turned off, the gel lifted away, the membrane was rinsed in transfer solution (20x 

SSC) for 10 minutes and the membrane was then dried for 15 min. Then the DNA was covalently 

bound to the membrane by UV-cross linking at 150 mJ (in UV-oven from Techtum lab, Umeå, 

Sweden). (If the membrane was to be stored, it was rinsed in MilliQ H2O and then left to air dry. 

The membrane was stored at 4°C, covered in aluminum foil.) The transfer efficiency was estimated 

after each transfer by taking a new picture of the gel used for transfer to see how much DNA was 

left in the gel, 

 

DIG-labeled probe hybridization 

   The hybridization oven was set at 68°C and 30 ml of prehybridization solution (5x SSC (KS 

substrate), 0.1% N-laurosylsarcosine (Sigma), 0.0210% SDS (KS substrate),  1x blocking solution 

(50g blocking reagent from DIG luminescent Detection Kit from Roche (Mannheim, Germany 

dissolved in 500 ml maleic acid buffer (0.1 M maleic acid, 0.15 M NaCl (KS substrate)) was 

prewarmed. The membrane (from Southern blot) was incubated in the prehybridization solution 1-2 

h in a hybridization tube. The hybridization solution was made by diluting each probe in 10 ml of 

prehybridization solution. The probe concentrations in the hybridization solutions were; FIA - 180 

ng/ml, FIB - 180 ng/ml, FrepB - 20 ng/ml, CTX-M-1 - 25 ng/ml, CTX-M-9 - 45 ng/ml and Y - 2.6 

ng/ml. The hybridization solution was boiled for 10 minutes and immediately put on ice. The 

prehybridization solution in the hybridization tube was then replaced with hybridization solution. 

                                                
1 Appligene is now a part of MP Biomedicals, the vacuum blot used is no longer sold by this company. 
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The membrane was then incubated in the hybridization solution at 68°C in the hybridization oven 

over night (16-20 h). After hybridization the membrane was washed 2x5 minutes with 100 ml 2x 

stringency buffer (2x SSC, 0.1% SDS (both KS substrate)), at 68°C and then 2x15 minutes with 100 

ml 0.5x stringency buffer (0.5 SSC, 0.1% SDS) at 68°. 

 

Immunological detection of DIG nucleotides 

   The hybridized membrane was rinsed for 5 min in wash buffer (0.1 M maleic acid, 0.15 M NaCl, 

pH 7.5 from KS substrate) and 3 ml Tween 20) at room temperature during slow shaking. After this 

the method was carried out exactly as described in “Estimation of probe concentrations”, from the 

incubation with 1x blocking solution until exposure. The exposure time of probe hybridized 

membranes were different depending on what probe was used during hybridization, but varied 

between four and 24 hours. 

 

Stripping of the membrane 

   The membrane had been kept wet in maleic acid buffer (0.1 M maleic acid, 0.15 M NaCl, pH 7.5, 

from KS substrate) since detection. The membrane was rinsed in dH2O and then washed for 2x15 

min with prewarmed stripping solution (0.2 M NaOH, 0.1% SDS (KS substrate)) at 37°C for 

removal of DIG-labeled probes. Then it was washed with 2xSSC 2x15 minutes at slow shaking in 

room temperature. After this it was prehybridized and hybridized again with a new probe, or 

alternatively, dried, covered with aluminum foil and stored at 4°C. 
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