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2.4.3 16sDNA PCR- Testing DNA integrity for PCR assay 

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

(bps) 

2176 -----. 
1766 -----. 

1230 -----. 
1033 -----. 

Fig 2.1 Amplicons from A.baumannii strains following 16S rDNA peR: 

Lane I, DNA marker VI (Boehringer Mannheim) ; lane 2, empty; 

Lanes 3- J 2, resistant strains 1-10; Lane 13, J ntermediate resistance strain; 

Lane 14, Sensitive strain; Lane 15, empty; Lane 16, outgroup strain. 

2.4.3.2 Poly-GTG typing of A.baumannii strains 

40 

14 15 16 

Poly-GTG typing was used to investigate the epidemiology of the clinical strains of 

A.baumannii. Thirteen strains were used in this study, 11 formed part of a cluster and one 

sensiti ve strain was used as a reference. Another strain of A. baumannii was taken from a 

different time period, to serve as an outgroup. 
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1 2 3 4 5 6 
Lanes 

7 8 9 10 11 12 13 14 15 16 

Fig 2.2 Amplicons from A.baumannii strains following polo-GTG typing: 

Lane I, DNA marker VI (Boehringer Mannheim); lane 2, empty; 

Lanes 3-12, resistant strains 1-10; Lane 13, Intermediate resistance strain; 

Lane 14, Sensitive strain; Lane 15, empty; Lane 16, outgroup strain. 

41 

Two profiles were observed (Fig.2.2); one type of banding pattern, consisting of 5-6 

bands was identified in the sensitive, intermediate and the 10 resistant A. baumannii 

strains. A different banding pattern consisting of 2 bands was observed in the outgroup. 

The poly-GTG typing was repeated in order to ensure consistent results of the experiment 

and also the accuracy of the first set of results . The two results correlated well and 

showed the relatedness and disparities between these clinical strains. 

2.4 DISCUSSION 

The use of the drug combination of piperacillin and tazobactam was implemented at GSH 

for the treatment of A. baumannii infections, in 1996. Since then, in less than 2 years, this 

combination ceased to be as effective, with A.baumannii developing resistance to this 

combination as well as a number of other ~ lactam antibiotics. Table 2.6 below shows the 
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3.3 RESULTS 

3.3.1 DETECTION OF P-LACTAMASES 

3.3.1.1 IEF assays 

When the focussed gel was treated with nitrocefin, the p-lactamase bands appeared 

gradually and by the time the weakest bands were visible the stronger bands had diffused. 

The pink bands associated with p-Iactamase activity could not be fixed and the faint pink 

bands against a yellow background could not always be easily distinguished .. Serial 

photographs were taken to ensure a complete record of P lactamase activity. This was 

done using the Kodak DC 120 system, under normal light. 

Lanes : I 2 3 4 5 6 7 

Figure 3.1: IEF P AG, showing the p-lactamases in the sensitive, resistant and 

control PER-1 strains. 
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Lane 3 carried the control TEM- containing strains. As indicated by the double-headed 

arrows, the doublet bands in both the sensitive strain (lane 4) and resistant strain (lane 5) 

of A. baumannii focussed at the same point (~pl 5.4) as the p-lactamases in the TEM 

control strain However, the doublet band, which was detected in the PER-l (pI5 .3) 

control strain (lane 6), was not observed in either of the test strains. 

We were unable to visualise any P lactamases in the pI range of AmpC. It is most likely 

that the activity was confined to the top of the gel and as the pi exclusion limit was 10 

and as the pi of AmpC is 9.4, it was most likely that this band could not be focussed 

using this gel. 

3.3.1.2 DETECTION OF SHY 

SHY PCR assay 

lanes 
2 3 4 5 6 7 8 9 10 II 12 13 14 

Fig 3.2: Amplification products following SHY peR. 

Lane 1, 1 kb marker; Lanes 2-11, resistant strains \-10 

- 1 kb 

Lane 12, intermediate resistance strain; Lane 13, sensitive strain; Lane 14, positive control- K. pneumonia 
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peR was used to detect the presence of SHY -type ~ lactamases. The peR assay resulted 

in no products from any of the 12 strains tested However, a amplicon of the correct size 

(~1 kb) was obtained from the positive control of K.pneomniae, suggesting that the peR 

assay worked[Fig 3.2]. The absence of any product suggested that this gene was not 

present in the clinical isolates of A. baumannii. To confirm these results, the peR assay 

was repeated at the same time as a 16S rDNA peR assay (see section 2.4.3.1). 

Amplicons were obtained for the 16S rDNA peR indicating the suitability of the DNA 

for peR, while at the same time no products were obtained for the SHY peR. This assay 

served to suggest that the A. baumannii strains did not carry the SHY gene. 

3.3.1.3 DETECTION OF TEM 

TEM PCR assay 

A peR assay was carried out to determine the presence of TEM-type ~ lactamases. The 

amplicons from the initial peR assay for the TEM-l gene is shown in Fig. 3.5 below. 

~ LJ ~ 

2 3 4 5 
Lanes 

6 7 8 9 10 II 12 13 

Fig. 3.5: peR amplicons of TEM-I: Lane I: I kb commercial marker; Lane 2: Positive control 

Lanes 3-12: strains 1-10; Lane 13: sensitive strain 
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2 3 4 5 6 7 8 9 10 II 12 13 

Fig 3.6: Repeat peR amplicons of TEM-I: Lane 1, positive control; lanes 2-1 I, strains 1-10; 

Lane 12, sensitive strain; lane 13 , 1 kb commercial marker 

70 

Fig. 3.5 shows the intital TEM peR assay. Amplification products were not obtained 

from all the strains tested in this preliminary assay, and so was repeated three times. Fig. 

3.6 shows the peR amplicons from the subsequent assays. No products were obtained 

from strains 3 and 9, respectively, consistently for the two subsequent assays. However, 

the TEM-type ~-Iactamase was detected in all the other strains. 

Cloning of TEM-l type p lactamase 

In order to determine the r:ature of the TEM p-lactamase and to determine its 

susceptibility profile, the amplification product was cloned. The TEM peR amplicon 

was cloned into a vector, pGETM-T easy, which is a T-tailed vector The cloned products 

were selected on ampicillin containing media (25 ).lg/ml). The putative transformatants 

were subject to digestion with EcoR I (see section 3.2.4) and AGE to ensure that the 

selection was of the transformants of choice. This cloned product was tested for ESBL 

activity, and none was detected. 

Ikb 
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nature 2 

was IS "n{"1,"XT" 

ACGTTACCAT GCTTAATCAG TGAGGCACCT TCTGTCTATT TCGTTCATCC 

61 ATAGTTGCCT GACTCCCCGT CGTGTAGATA GGGAGGGCTT ACCATCTGGC 

CCCAGTGCTG CTCCAGATTT ATCAGCAATA 

1 1 AACCAGCCAG CCGGAAGGGC CAACTTTATC CGCCTCCATC 

CAGTCTATTA ATTGTTGCCG GGAAGCTAGA CGCCAGTTAA TAGTTTGCGC 

301 AACGTTGTTG CCATTGCTGC AGGCATCGTG GTGTCACGCT CGTCGTTTGG TATGGCTTCA 

TTCAGCTCCG GTTCCCA.Il.CG ATCAAGGCGG GTTACATGAT CCCCCATGTT GTGCAAAAAA 

421 GCGGTTAGCT CCTTCGGTCC TCCGATCGTT GTCAGAAGTA AGTTGGCCGC AGTGTTATCA 
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3.3.1.4 DETECTION OF AMPC 

AmpC PCR Assay 

To detect the presence of the ampC gene, PCR assays were carried out. The results are 
show in Fig.3.1 0 below. 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Fig 3.10: AmpC PCR amplification products: Lane I, I kb commercial marker, 

Lane 2, negative control; lanes 3-12, strains \-\ 0; lane 13, intermediate resistance strain; 

Lane 14, sensitive strain . 

- 700 bp 

73 

A distinct band of ~ 700bp fragment was detected in all the resistant strains and the 

intermediate resistant strain [Fig 3.10] but not in the sensitive strain. However, on close 

inspection a very faint band was observed in the sensitive strain. To determine whether 

this was real or merely "spill-over" from the previous lane the PCR assay was repeated 

and an obvious band was not detected in the sensitive strain. 

This was not the expected result as the AmpC was thought to be encoded in the genome, 

and intrinsic to the species, hence should be present in all the strains. To confirm these 

findings and to check this hypothesis an alternative was sought; 

hybridisation assays were carried out.. 

DNA:DNA 
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Sequencing 

The AmpC PCR amplicon was subjected to automated sequencing. The sequence data 

identified it as part of the published sequence of the ampC gene in A. baumannii. 

Southern Hybridisation 

As the PCR assay was unsuccessful in detecting the ampC gene in all the strains 

hybridisation assays were carried out. DNA:DNA hybridisation assays using a slot blot 

apparatus showed that the probe (the Ampe PCR amplicon- which was a fragment 

internal to the ampC section 3.1) hybridised to 5/lg of genomic DNA in the sensitive 

strain (Fig. 3.11) 

Strain 3 

Strain 4 

Strain 5 

Strain 6 

Strain 7 

Strain 9 

Strain 0 

Strain I 

Strain S 

500ng (genomic DNA) 

Fig. 3.11: Slot blot DNA hybridisation of A. baumannii strains. 

Postive control 
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This assay was carried out to detect the presence of the Ampe gene in the sensitive 

strain, and as controls a number of other strains were used as part of the assay. Signals 

were obtained from resistant strains 3-10, the intermediate resistant strain and the 

sensitive strain. As seen in Fig 3.11 above, a signal was obtained in the sensitive strain 

suggesting the presence of the ampC gene. Following the success of the slot blot 

hybridisation, Southern blot hybridisation was repeated using the EeL kit. An amount of 

5 iJ.g of genomic DNA was digested with 20U of Hind III at 37°e for 6 hours. This 

template was transferred to a membrane and was probed with a labelled peR amplicon of 

the ampC gene. No signal was obtained from a no-DNA control. In addition to this, the 

probe hybridised to the three tested strains; the resistant strain 2, the intermediate 

resistant strain and the sensitive strain, suggesting the presence of the ampC gene in these 

strains of A. baumannii. This data suggests the intrinsic nature of this gene in A. 

baumannii. (Fig 3.12) 

The digested products can be seen in Fig. 3.2A. and the autoradiograph in Fig 3.2B 

below. In the resistant strain, the probe hybridised to a large fragment, of an approximate 

size of 10kb. In the intermediate resistant strain, the probe hybridised to a fragment 

> 1 Okb. In the senstive strain, the probe hybridised to a fragment of a similar size to that 

of the resistant strain. 
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13 kb ------. 

IOkb ------. 

Lanes: 2 3 4 5 6 7 

Figure 3.5 A: Genomic DNA template for DNA:DNA hybridisation. 

Lane 1, 1 kb commercial marker (Boehringer Mannheim); Lane 2,empty; 

Lane 3, 1 ~g of genomic DNA from resistant strain digested with Hind Ill ; lane 4, empty; 

Lane 5, 1 ~g of genomic DNA from intermediate resistance strain digested with Hind III; lane 6, empty; 

Lane 7, I ~g of genomic DNA from sensitive strain digested with Hind III. 

Figure 3.5B: Autoradiograph of DNA:DNA hybridisation. 

Lane 3, AmpC probe hybridised to resistant strain 

Lane 5, AmpC probe hybridised to the intermediate resistance strain 

Lane 7, AmpC probe hybridised to sensitive strain 

76 
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CLONING OF THE AMPC GENE 

Once the presence of the ampC gene was determined in the strains of interest, it became 

necessary to clone the fragment carrying the gene in order to study its antibiotic 

susceptibility profile. Cloning of the fragment of interest (carrying the ampC gene) was 

carried out, based on the hybridisation results. Digested genomic DNA was used to 

isolate the fragment of interest and they were ligated into pBGS8. The ligated products 

were successfully transformed into highly competent cells (competence efficiency 10\ 

The putative transformants were selected on media containing 25/-tg/ml of ampicillin. 

These clones were checked by digestion with Hind III, to ensure the fragment that was 

cloned was of the correct size; yielding fragments corresponding to the correct insert and 

the vector. This data is shown in Fig 3.3A below. 

The PCR amplicon of a fragment internal to the ampC gene that was used previously for 

the Southern blot hybridisation assay was once again used as a probe for checking the 

cloned products. The subsequent sub-cloning assays were not succesful and the 

investigation was not continued further. 
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Lanes: M 2 3 4 

lanes: 2 3 4 

567 

5 6 7 

Figure 3.6A: Putative 
transformants digested 
with Hind III. 
Lane M, I kb marker 
Lane I, clone 1 digested 
Lane 2, clone 2 digested 
Lane 3, clone 3 digested 
Lane 5, clone I 
Lane 6, clone 2 
Lane 7, clone 3; Janes 
5,6 and 7 are undigested 
controls. 

Figure 3.6B: 
Autoradiograph of 
AmpC probe 
hybridisation to 
putative 
transformants. 
Lane I, AmpC 
hybridised to clone I 
Lane 2, AmpC probe 
hybridised to clone 2 
Lane 3, AmpC probe 
hybridised to clone 3 
Lanes 5,6 and 7;AmpC 
probe hybridised to 
undigested clones. 
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Fig.3.6A shows the digested clones, which were to be used as templates for a DNA:DNA 

hybridisation assay. The digest generated 3 fragments, corresponding to > 1 Okb, 5kb and 

3.5 kb. MUltiple inserts could be indicative of incomplete digestion or posiibly 

contcatamers of the fragment. The third arrow from the top, indicates the position of the 

3.6kb fragment which corresponds to the vector, pBGS 18 (see appendix e). The 

possibility remained that the ampC gene could be located on either the> 1 Okb fragment or 

the 5kb fragment. The digested genomic DNA template was probed with the Ampe peR 

product and the hybridisation results are shown in Fig 3.6B. The hybridisation results 
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4.3 RESULTS 

4.3.1 Protein Concentration Determination 

Table 4.1: Protein standards and A. baumannii strains for the Lowry Assay ( OD750 ) 

Protein standards concentration OD75o 

(mg/ml) (A units) 

0.25 0.795 

0.50 0.454 

0.75 0.355 

1.0 0.306 

Sensitive strain 0.375 

Intermediate resistance strain 0.221 

Resistant strain 0.205 

The OD75 0 values presented above, were used to plot a protein calibration graph shown 

below. From this calibration graph, the concentrations of the unknown protein samples 

were determined: R= 1.33mg/ml; 1= 1.25mg/ml; S= 0.7mg/ml. 

Protein Calibration Graph 

1 .1 l c~ 

1 
~ 0.9 
~ - 0.8 
~ E 0.7 I: '-...... 0 0.6 Ll) ~ !:::. 0.5 

~ c 0.4 
0 0.3 ~ 

0.2 
...... 

0.1 
0 

0.306 0.355 0.454 0.795 

concentration (mg/ml) 

Figure 4.1: Calibration graph for protein concentration determination 
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The quantification of the proteins was a first step in this study. This ensured that the 

intensity of the protein bands in the polyacrylamide gels was an accurate reflection of the 

amount of protein present in each sample and hence a visual comparison was possible. 

In all the subsequent acrylamide gels, the concentration of each protein sample loaded 

was the same (~ Img/ml). An approximate amount of 10Ilg of protein sample were 

loaded in each well. 

4.3.2 Polyacrylamide gel electrophoresis 

A number of different polyacrylamide gels (PAGs) were electrophoresed in the study. As 

mentioned previously, this was necessary because, at different time points, it became 

necessary to analyse different OMPs. Fig.4.1 shows one of the initial PAGs obtained. 

Lanes: l(R) 2(1) 3(M) 4(S) 

Figure 4.2: Polyacrylamide gels of OMPs from A. baumannii. Lane I, Resistant strain 2; lane 2, 

Intermediate resistance; lane 3, Marker; lane 4, Sensitive strain. 
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For the initial MALDI TOF analysis, the OMPs were chosen on the basis of their size. 

The size (kDa) was dependent on the size of previously described OMPs in other Gram­

negative bacteria. A number of different OMPs were cl:osen from this limited range 

between 25-45 kDa. 

In Fig. 4.1, the arrows in lane M, indicate the positions of the low molecular weight 

marker (LMW). A number of OMPs were observed in all the strains, however, only 2 

were chosen from this PAG. A doublet was observed in the resistant strain, but not in the 

sensitive strain. In addition to this a 67 kDa OMP was seen only in the resistant strain and 

not in either of the other two strains. These two OMPs of sizes 67kDa and ~ 43kDa, were 

excised from the PAG and sent for MALDI analysis. 

Lanes: 1(S) 2(1) 3(R) 4(M) 

~ 
~ 

30 

20 

Figure 4.3: Polyacrylamide gels of OMPs from A. baumannii. Lane I, Sensitive strain; 

Intermediate resistance; lane 3, Resistant strain 2; lane 4, low molecular weight Marker. 
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In Fig.4.2, it can be seen that an increased concentration of proteins was loaded. A 40kDa 

OMP was excised from both the intermediate resistant and the resistant strains. Similarly, 

a 40kDa OMP was seen in the sensitive strain but to a lesser degree. An ~35 kDa OMP 

was taken from the sensitive strain for MALOI TOF analysis. From Fig. 4.2, it can be 

seen that this OMP does not appear to be in either of the intermediate or the resistant 

strains. 

Lanes: I(S) 2(1) 3 (M) 

kDa 

94 

67 

43 

30 

20 
14 

4(R) 

Figure 4.4: Polyacrylamide gel ofOMPs from A. baumannii strains. Lane I, sensitive strain OMPs; lane 2, 

intermediate resistance strain OMPs; lane 3, low molecular weight marker; lane 4, resistant strain OMPs. 

The three arrows in each of lanes 1, 2 and 3 indicate a ~40kDa OMP that was selected for MALDI TOF 

analysis. 

An ~40kDa OMP was found to be present in all three clinical isolates. This OMP was 

excised and subjected to MALO I TOF analysis. Following MS-FIT analysis of the 

graphs, this 40kDa OMP was found to have the highest identity with Ompe from 

Serratia marcescens. However, due to its presence in all three strains it is unlikely to 

contribute to the antibiotic resistance profile of the clinical A. baumannii strains. 
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l(M) 2 (S) 3(R) 

Figure 4.5: Polyacrylamide gels of OMPs from A. baumannii Lane 1, low molecular weight marker; lane 

2, sensitive strain; lane 3, resistant strain. 

A number of proteins were excised for further analysis from the gel shown in Fig 4.4. 

From the sensitive strain, as indicated by the arrows an OMP of size 25kDa and another 

of size 30 kDa were chosen. Similarly, a 30kDa OMP was also selected from the resistant 

strain. 

The OMPs observed in all three clinical isolates of A. baumannii are summarised in 

Table 4.2. The graphs obtained from MalDi TOF analysis, which were used in MS-FIT to 

ascertain the functions of the various OMPs are shown in Figs. 4.5-4.12. 
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Appendix D 

MALDI-TOF Graphs of Counts vs. mass (m/z) 
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MALDI-TOF graph of Counts VS. Mass for 25kDa OMP from A. baumannii. 
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