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Figure 1.1. Spread of antibiotic resistance determinants A) Schematic representation of the relationship 
of microorganism within the four major ecosystems. Movement of bacteria within soil, water, animals, and 
humans out! ines the possible spread of antibiotic resistance determinants throughout these ecosystems. (Figure 
taken from Nwosu, 200 I). B) Genetic flux amongst genetically related microorganisms. Most genetic 
exchange occurs on plasmids and other conjugative elements. The arrows indicate the origin and the direction 
of dissemination of various genetic elements within the micro organism (Figure taken from Amabile-Cuevas & 
Chicurel, 1992). C) Mechanism of inter- and intracellular exchange of genetic information amongst 
microorganisms. Conjugation and transduction as well as transformation involve exchange of DNA molecules 
with other microorganisms and the environment. Intracellular movement of DNA includes transposition of 
various genetic elements within the microorganism . (Figure taken from Levy, J 997). D) A schematic diagram 
of the Russian doll effect. Antibiotic resistance genes are captured in gene cassettes of integrons, which reside 
in transposons, and these are carried on plasm ids. The integration of small mobile elements into larger 
conjugative elements results in accumulation of several resistance genes on one mobile element. (Figure taken 
from Amabi Ie-Cuevas & Chicurel, 1992). 
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Chicurel , 1992). C) Mechanism of inter- and intracellular exchange of genetic information amongst 
microorganisms. Conjugation and transduction as well as transformation involve exchange of DNA molecules 
with other microorganisms and the environment. Intracellular movement of DNA includes transposition of 
various genetic elements within the microorganism . (Figure taken from Levy, 1997). D) A schematic diagram 
of the Russian doll effect. Antibiotic resistance genes are captured in gene cassettes of integrons, which reside 
in transposons, and these are carried on plasmids. The integration of small mobile elements into larger 
conjugative elements results in accumulation of several resistance genes on one mobile element. (Figure taken 
from Amabi Ie-Cuevas & Chicurel, 1992). 
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The dissemination of antibiotic nsistance genes is amplified as the cycle of antibiotic 

resistance (Figure 1.2.) acquisition is repeateq powered by antibiotic selective pressure 

(Davies, 1995). 
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Figure 1.2. Cycle of antibiotic resistance acquisition amplifies the dissemination of 
antibiotic resistance determinants. Three mechanisms of genetic exchange (conjugation, 
transformation and transduction) disseminate antibiotic traits into the ecosystems. Various 
vehicles (plasmids, ICE, integrons and IS elements) transpose antibiotic resistance traits within 
the organism and other organisms. Recombination of these mobile elements facilitates stacking 
of antibiotic traits (emergence of multi drug resistance). Inter and intra species exchange of 
genetic material and the formation of recombinant genetic mobile elements create an enormous 
diverse pool of antibiotic resistance determinants. Figure taken from Davies, 1994) 
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baumannii strain RAN (Segal et aI., 2004) and at the same time, Corvecet aI., 2003 

identified an entire copy of the IS element, which they called ISba-I, upstream of an 

ampC gene from A. baumannii. Characterization of IStba-J (1198bp) showed that the 

element has 11 bp inverted repeat sequences (5':CTCTGTACACG-3') and that 

integration was accompanied by duplication of9bp of the target DNA 

Hi?dlll 

~ ~ aac(3J-l/a > SeQal et al .. 2003 ISA .. 1 IS1133 

Corvec et al.. 2003 ~ IS~1 ~ ampC :> 
Hi?dlll 

~ :> SeQal et al., 2004 ISA .. 1 ampC 

Hifdlll 

~ 27bp 
bla0XAJ3 >-Donald et aI., 2000 IS~1 

Hi?dlll 

Afzal-Shah et al .. 2001 ISA .. 1 

Hi7dlll 

Schembri et a/., 1995 ISA .. 1 

Figure 2.1. Genetic environment of ISAb"_I. ISAna_1 is represented by a blue block. Inverted repeats of 
ISAba-1 are represented in black triangles. Downstream of ISAba-1 are the genes (block arrows), which are 
separated by non-coding sequence (black horizontal line). The vertical black box indicates the inverted 
repeat of ISI133 (green box) and the dark pink box the regulatory region of phaBAC' The source of the data 
is indicated on the left. 

To date, the ISAba-J has been identified onlyin an unspeciated Acinetobacter (Schembri et 

aI., 1995) and A. baumannii strains. PCR assays done by Segalet al. (2004) indicate that 

A. baumannii strain PAU contains at least two copies of this insertion sequence. These 

data raised two questions: (l) what is thefrequency and distribution of I~ba-I in clinical 

isolates of Acinetobacter spp. and (2) is ISAba-1 present in similar isolates of 

Enterobacteriaceae and P. aeruginosae? 
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2.2.5.2. Preparation of the probe for the detection of ISAba_rrelated sequences 

pMERLlOO (Segal et aI., 2004) was used as a source of ISAba-1 probe. Primers, HRR and 

HRF, designed by Heidi Segal, as indicated in Figure 2.2. were synthesized in the 

Department of Molecular and Cellular Biology, University of Cape Town, South Africa. 

The prtmers, HRF (5' -CACGAA TGCAGAAGTTG-3 ') and HRR (5' -

CGACGAA T ACTA TGACAC-3 '), were annealed to DNA of pMERL I 00 and were 

subjected to PCR amplification to generate a 549bp product. The PCR was carried out in a 

thermocycler (Perkin Elmer GeneAmp PCR System 2400). The reaction mix contained of 

3mM MgCh, Ix PCR Buffer, 10mM dNTPs, 2.5U of Taq (all reagents from TaKaRa, 

Japan) and 20pmoles primers in a total reaction volume of 50!!!. The DNA was initially 

denatured at 95°C for 5 minutes, followed by 35 cycles of 95°C for 45 seconds, 54°C for 

45 seconds and elongation at noc for 3 minutes. The PCR product was separated by AGE 

[2.2.4.]. A fragment corresponding to the expected size was excised and purified by the 

Min Elute Gel extraction kit (50) QJAGEN, Germany. The purified 549bp fragment 

(400ng) was labelled using ECL Direct Nucleic Acid Labelling Detection System 

(Amersham Bioscience, UK) according to the manufactures instructions. 

HRF HRR 

549bp 

ORF1 

337-353bp 868-887bp 

Figure 2.2. The genetic organization of 3.123kb HindIll-insert of pMERLIOO. For the detection of 
ISAba_rrelated sequences, a probe was generated from pMERL I 00 with primers, HRF and HRR. These 
primers anneal within the structural gene of ORF 1 and a PCR product of 549bp was obtained. The primers 
are indicated by the arrows and the nuc1eotides corresponding to the sequencing data of pMERL I 00, is 
indicated by the dotted line. Two open reading frames (ORFI and ORF2) encode the transposases OfISAba-

/. The blue and pink block arrow downstream of the right inverted repeats (IRR: diagonally striped box), 
represent the genes encoding a cephalosporinase (ampC) and ComA (comA), respectively. The direction of 
gene transcription is indicated by the block arrow. Non-coding sequence is indicated by a black bar. 
(pMERL I 00 Accession no A Y325306) 
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subjected to PCR amplification to generate a 549bp product. The PCR was carried out in a 

thermocycler (Perkin Elmer GeneAmp PCR System 2400). The reaction mix contained of 

3mM MgCh, Ix PCR Buffer, IOmM dNTPs, 2.5U of Taq (all reagents from TaKaRa, 

Japan) and 20pmoles primers in a total reaction volume of 50~1. The DNA was initially 

denatured at 95°C for 5 minutes, followed by 35 cycles of 95°C for 45 seconds, 54°C for 

45 seconds and elongation at noc for 3 minutes. The PCR product was separated by AGE 

[2.2.4.]. A fragment corresponding to the expected size was excised and purified by the 

Min Elute Gel extraction kit (50) QTAGEN, Germany. The purified 549bp fragment 

(400ng) was labelled using ECL Direct Nucleic Acid Labelling Detection System 

(Amersham Bioscience, UK) according to the manufactures instructions. 

HRF HRR 

549bp 

ORF1 

337-353bp 868-887bp 

Figure 2.2. The genetic organization of 3.123kb HindIll-insert of pMERLIOO. For the detection of 
ISAbn_rrelated sequences, a probe was generated from pMERLIOO with primers, HRF and HRR. These 
primers anneal within the structural gene of ORF I and a PCR product of 549bp was obtained. The primers 
are indicated by the arrows and the nucleotides corresponding to the sequencing data of pMERLIOO, is 
indicated by the dotted line. Two open reading frames (ORFI and ORF2) encode the transposases OfISAba-

/. The blue and pink block arrow downstream of the right inverted repeats ORR: diagonally striped box), 
represent the genes encoding a cephalosporinase (ampC) and ComA (comA), respectively. The direction of 
gene transcription is indicated by the block arrow. Non-coding sequence is indicated by a black bar. 
(pMERL I 00 Accession no A Y325306) 
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2.3. Results 

2.3.1. Hybridization studies 

2.3.1.1. Distribution of ISAba-1 in Acinetobacter spp., Pseudomonas aeruginosa, 

Klebsiella, Enterobacter and E. coli 

When genomic DNA was transferred to Hybond N+ membrane usig the slot blot 

apparatus, the probe hybridized to pMERLl 00, the source of the probe, and toA. 

baumannii strains PAU and RAN, previously shown to contain ISba-J (Segal et aI., 2003; 

Segal et aI., 2004). In addition, signals were obtained from 6/144. baumannii strains and 

2/3 A. lwoffii strains (Figure 2.3.). No signal was obtained with the DNA from theA. 

calcoaceticus. Similarly, signals were not obtained with DNA fromEscherichia coli (13), 

Klebsiella pneumniae (7) and Klebsiella oxytoca (2), Enterobacter cloacae (1) and 

Pseudomonas aeruginosa (4) (Figure 2.3.). 

9 

13 

15 

18 

19 

B c 
Figure 2.3. Autoradiograph of genomic DNA hybridized to 
the ISAha_J -probe. 
2A, pMERLIOO; 
4A, RAN; 
SA, PAU; 
6A, A. calcoaceticus 8D413; 
AS-A 15, A. baumannii strains; 
A 17-A 19, A. lwoffii strains; 
28-78, E. coli strains; 
98-138, Klebsiella spp.; 
158-1S8, P. aeruginosa strains; 
2C-7C, A. baumannii strains; 
9C-15C, E. coli strains; 
16C, E. cloacae; 
18C-21 C, K. pneumonia strains. 
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2.3. Results 

2.3.1. Hybridization studies 

2.3.1.1. Distribution of ISAba-1 in Acinetohacter spp., Pseudomonas aeruginosa, 

Klehsiella, Enterohacter and E. coli 

When genomic DNA was transferred to Hybond N+ membrane usig the slot blot 

apparatus, the probe hybridized to pMERLl 00, the source of the probe, and toA. 

baumannii strains PAU and RAN, previously shown to contain ISba-J (Segal et aI., 2003; 

Segal et aI., 2004). In addition, signals were obtained from 6/14A. baumannii strains and 

2/3 A. lwoffii strains (Figure 2.3.). No signal was obtained with the DNA from theA. 

calcoaceticus. Similarly, signals were not obtained with DNA fromEscherichia coli (13), 

Klebsiella pneumniae (7) and Klebsiella oxytoca (2), Enterobacter cloacae (1) and 

Pseudomonas aeruginosa (4) (Figure 2.3.). 

Figure 2.3. Autoradiograph of genomic DNA hybridized to 
the ISAba_1 -probe. 
2A, pMERLIOO; 
4A, RAN; 
5A, PAU; 
6A, A. calcoaceticus 8D413; 
A8-A 15, A. baumannii strains; 
A 17-A 19, A. lwoffii strains; 
28-78, E. coli strains; 
98-138, Klebsiella spp.; 
158-188, P. aeruginosa strains; 
2C-7C, A. baumannii strains; 
9C-15C, E. coli strains; 
16C, E. cloacae; 
ISC-21 C, K. pneumonia strains. 

29 
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2.3.2.2. Frequency of ISAba-1 in A. baumannii and A. lwoffl; 

To detennine the copy number of the IS element, genomic DNA from I~a- I positive 

Acinetobacter strains was digested with PstI (this restriction site is absent in IS,ba-/), 

separated by AGE [2.2.4.], transferred to a nylon membrane (Hybond N+) and hybridized 

to a portion OfISAba-1 [2.2.5.1.B.]. The probe hybridized to itself (lane 12 in Figure 2.4.) 

and to pMERLIOO (lane 2 in Figure 2.4), which was the source of the probe. In addition, 

the probe hybridized to multiple bands in PAU md RAN (lane 8 and 9, Figure 2.4). With 

respect to the remaining isolates, the probe hybridized to between 1 and 13PstI 

fragments in theA. baumannii and A. lwojji; strains (Figure 2.4.). 

kb 1 

8 

3 

2.5 

2 

0.75 

0.5 

2 3 4 5 6 7 8 9 10 11 12 

Figure 2.4. Autoradiograph of ISAbll-J -probe hybridized to PstI-digested genomic DNA of 
Adnetobacter strains. Lane I, I kb DNA ladder (fragment size (kb) is indicated by the numbers on the 
left); lane 2, pMERL I 00; lane 3, A. Iwoffii strain 2; lane 4 , A. lowffii strain 4; lane 5, A. baumannii strain 
TYGOI; lane 6, A. baumannii strain TYG02; lane 7, A. baumannii strain TYG03; lane 8, PAU; lane 9, 
RAN; lane 10, A. baumannii strain RAM; lane 11, A. baumannii strain GA 13; lane 12, A. baumannii strain 
GA5; lane 13, no DNA; lane 14, probe. 
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2.3.2.2. Frequency of ISAba-1 in A. baumannii and A. lwo/fii 

To detennine the copy number of the IS element, genomic DNA from lSoa-1 positive 

Acinetobacter strains was digested with PstI (this restriction site is absent in IS,ba-/), 

separated by AGE [2.2.4.], transferred to a nylon membrane (Hybond N+) and hybridized 

to a portion ofISAba-1 [2.2.S.1.B.]. The probe hybridized to itself (lane I 2 in Figure 2.4.) 

and to pMERL 100 (lane 2 in Figure 2.4), which was the source of the probe. In addition, 

the probe hybridized to multiple bands in PAU md RAN (lane 8 and 9, Figure 2.4). With 

respect to the remaining isolates, the probe hybridized to between I and 13Pstl 

fragments in theA. baumannii and A. lwojji; strains (Figure 2.4.). 

kb 1 
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2.5 
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0.75 

0.5 

2 3 4 5 6 7 8 9 10 11 12 

Figure 2.4. Autoradiograph of ISAba-J -probe hybridized to PstI-digested genomic DNA of 
Adnetobacter strains. Lane I, I kb DNA ladder (fragment size (kb) is indicated by the numbers on the 
left); lane 2, pMERLIOO; lane 3, A. lwojjii strain 2; lane 4, A. lowjjii strain 4; lane 5, A. baumannii strain 
TYG01; lane 6, A. baumannii strain TYG02; lane 7, A. baumannii strain TYG03 ; lane 8, PAU; lane 9, 
RAN; lane 10, A. baumannii strain RAM; lane 11, A. baumannii strain GA I 3; lane 12, A. baumannii strain 
GA5; lane 13, no DNA; lane 14, probe. 
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Hindm 
ISAba-1 

5' ORF1 

75bp 
569bp 

Figure 3.1. The genetic organization of 2.29kb HindIII-BamID insert of pSULlOO. A) Schematic outline of the insert pSULIOO. ISAba-1 sequence on 
pSULI 00 consists ofa portion ofORF2 and the complete ORFI as well as the right inverted repeat (I~). The sul2 is followed by glmM gene and the BamHl 
site marks the 3' -end. The block arrowS indicate the direction of transcription of the demarked open reading frames. The thick black line represents the non­
coding sequence. Numbers of nucleotide of the ORF's are indicated below the ORF's and the base pairs in-between the non coding area are indicated by the 
numbers attached to a thin black line. ORF-open reading frame; sul2-sulphonamide resistance gene; glmM- phosphoglucosamine mutase. 
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TTTCCTAAATGATTGGTGACAATGAAGTTTTTTTAACACGAATGCAGAAGTTGATGTCTTGTTCAATTAACCATGTAAACCACTGCTCACCGATAAACTC 400 

TCTGTCTGCGAACACATTCACAATACGGTCTTTACCAAAAATGGCTATAAAGCGTTGAATCAAAGCAATACGCTCTTTCGTATCTGAATTTCCACGTTTA 500 

TTAAGCAATGTCCAAAGGATAGGTATCGCTATTCCACGATAAACGATTGCGAGCATCAGGATATTAATATTTCGTTTTCCCCATTTCCAATTGGTTCTAT 600 
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Figure 3.1. The genetic organization of 2.29kb HindIII-BamID insert of pSULlOO. A) Schematic outline of the insert pSULIOO. ISAba_1 sequence on 
pSULI 00 consists of a portion ofORF2 and the complete ORFI as well as the right inverted repeat (I~). The sul2 is followed by glmM gene and the BamHI 
site marks the 3'-end. The block arrowS indicate the direction of transcription of the demarked open reading frames. The thick black line represents the non­
coding sequence. Numbers of nucleotide of the ORF's are indicated below the ORF's and the base pairs in-between the non coding area are indicated by the 
numbers attached to a thin black line. ORF-open reading frame; sul2-sulphonamide resistance gene; glmM- phosphoglucosamine mutase. 
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CTAAAGTCAGTTGCACTTGGTCGAATGAAAACATATTGAAAATCAACTGAGAAATTTGACGATAATCAAAATACTGACCTGCAAAGAAGCGCTGCATACG 700 

TCGATAAAATGATTGTGGTAAGCACTTGATGGGCAAGGCTTTAGATGCAGAAGAAAGATTACATGTTTGCTTTAAAATAATCACAAGCATGATGAGCGCA 800 

AAGCACTTTAAATGTGACTTGTTCCATTTTAGATATTTGTTTAAGATAAGATATAACTCATTGAGATGTG~AGTATTCGTCGTTAGAAAACAATTAT 900 

G G 
TATGACATTATTTCAATGAGTTATCTATTTTTATCGTGTACAGA TAAATCGCTCATCATTTTCGGCATCGTC~ 1000 

M N K S L I I F G I V 

,CATAACCTCGGACAGTTTCTCCGATGGAGGCCGGTATCTGGCGCCAGACGCAGCCATTGCGCAGGCGCGTAAGCTGATGGCCGAGGGGGCAGATGTGA~ 1100 

NIT S D S F S D G G R Y LAP D A A I A Q ARK L MAE GAD V I 

~TCGGTCCGGCATCCAGC~CCGACGCCGCGCCTGTTTCGTCCGACAfAGAAATCGCGCGTATCGCGCCGGTGCTGGACGCGCTCAAGC;CAG~~ 1200 
D L G PAS S N P D A A P V S S D TEl A R I A P V L D A L K A D 

CATTCCCGTCTCGCTCGACAGTTATCAACCCGCGACGCAAGCCTATGCCTTGTCGCGTGGTGTGGCCTATCTCAATGATATTCGCGGTTTTCCAGACG 1300 

G I P V S L D S Y Q PAT Q A Y A L S R G V A Y L N D I R G F P D 

TQC~TTCTATCCGCAATTGGCGAAATCATCTGCCAAACTCGTCGTTATGCATTCGGTGCAAGACGGGCAGGCAGAJCGGCGCGAGGCACCCGCTGGCG~ 1400 

A A F Y P Q L A K S S A K L V V M H S v Q D G Q A D R REA P A G D 

EATCATGGATCACAT1 GCGGCGTTCTTTGACGCGCGCATCGCGGCGCTGACGGGTGCCGGTATCAAACGCAACCGCCTTGTCCTTGATCCCGGCATGGGG 1500 

I M D H I A A F FDA R I A A LTG A G I K R N R L V L D P G M G 

TTTTCTGGGGGCTGCTCCCGAAACCTCGCTCTCGGTGCTGGCGCGGTTCGATGAATTGCGGCTGCGCTTCGATTTGCCGGTGCTTCTGTCTGTTTCGd 1600 

F F L G A APE T S L S V L A R F DEL R L R F D L P V L L S V S 

,TCCT'l"l'CTG(:GCGCGCTCACAGGCCGTGGTCCGGGGGATGTCGGGGCCGCGACACTCGCTGCAGAGCTTGCCGCC-GCCGCAGGTCrGAG-CTGACTI 1700 
R K S F L R A LTG R G P G D V G A A T L A A E L A A A A G GAD F 

E- OGtiCACAOGAGCCGCGCCCCTTGCGCGACGGGCTGGCGGTATTGGCGGCGCTGAAAGAAACCGCAAGAATTCGTT~CTGCACATTCGGGATATT 1800 

I R THE P R P L R D G L A V L A A L K ETA R I R *** 
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CTAAAGTCAGTTGCACTTGGTCGAATGAAAACATATTGAAAATCAACTGAGAAATTTGACGATAATCAAAATACTGACCTGCAAAGAAGCGCTGCATACG 700 

TCGATAAAATGATTGTGGTAAGCACTTGATGGGCAAGGCTTTAGATGCAGAAGAAAGATTACATGTTTGCTTTAAAATAATCACAAGCATGATGAGCGCA 800 

AAGCACTTTAAATGTGACTTGTTCCATTTTAGATATTTGTTTAAGATAAGATATAACTCATTGAGATGTG~AGTATTCGTCGTTAGAAAACAATTAT 900 

G G 
TATGACATTATTTCAATGAGTTATCTATTTTT 1000 

M N K S L I I F G I V 

CCTCGGACAGTTTCTCCGATGGAGGCCGGTATCTGGCGCCAGACGCAGCCATTGCGCAGGCGCGTAAGCTGATGGCCGAGGGGGCAGATGTGA 1100 

NIT S D S F S D G G R Y LAP D A A I A Q ARK L MAE GAD V I 

G CC CGGCATCCAGCAATCCCGACGCCGCGCCTGTTTCGTCCGACACAGAAATCGCGCGTATCGCGCCGGTGCTGGACGCGCTCAAGGCAGA 1200 
D L G PAS S N P D A A P V S S D TEl A R I A P V L D A L K A D 

TCTCGCTCGACAGTTATCAACCCGCGAC AAGCCTATGCCTTGTCGCGTGGTGTGGCCTATCTCAATGATATTCGCGGTTTTCCAGAC 1300 

G I P V S L D S Y Q PAT Q A Y A L S R G V A Y L N D I R G F P D 

TGCGTTCTATCCGCAATTGGCGAAATCATCTGCCAAACTCGTCGTTATGCATTCGGTGCAAGACGGGCAGGCAGATCGGCGCGAGGCACCCGCTGGCG 1400 

A A F Y P Q L A K S S A K L V V M H S v Q D G Q A D R REA P A G D 

TCATGGAtcACATTGCGGCGTTCTTTGACGCGCGCATCGCGGCGCTGACGGGTGCCGGTATCAAACGCAACCGCCTTGTCCTTGATCCCGGCATGG 1500 

I M D H I A A F FDA R I A A LTG A G I K R N R L V L D P G M G 

TTT~CTGGGGGCTGCTCCCGAAACCTCGCTCTCGGTGCTGGCGCGGTTCGATGAATTGCGGCTGCGCTTCGATTTGCCGGTGCTTCTGTCTGTTTCGO 1600 

F F L G A APE T S L S V L A R F DEL R L R F D L P V L L S V S 

CAGGCCGTGGTCCG CGGGGCCGCGACAC CGCTGCAGAGCTTGCCGCCGCCGCAGGTGGAGCTGACT 1700 
R K S F L R A LTG R G P G D V G A A T L A A E L A A A A G GAD F 

TTGCGCGACGGGCTGGCGGTATTGGCGGCGCTGAAAGAAACCGCAAGAATTCGTT CTGCACATTCGGGATATT 1800 

I R THE P R P L R 0 G L A V L A A L K ETA R I R *** 
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TCTCTATATTCGCGGTTCAGCAGGCATGTCCCCTTTGAGGGCGACCCGACGACAGGATAATCGACCTTAT~TGCGCAAATATTTCGGCACAGACGGTAT 1900 

TCGTGGCAAAGCCAACGMGGCGCGATGACGGCGGAAACCGCCTTGCGCGTCGGCATGGC-GGCTGGCCGTGTCTTTCGTCGCGGTGACCACCGCCATCGT 2000 

GTCGTGATCGGCAAGGATACGCGCCTGTCGGGCTATATGCTTGAACCCGCGCTCACAGCCGGTTTCACCTCGATGGGCATGGACGTATTCCTTTTTGGCC 2100 

CGCTGCCGACAACGTATAGGAAGAATAAACGCCCTTTTCACCCAAGTCCAACAGCTTTGGACC-G-CAGTTGACTCTTTCGACACCCCTGCGATGCAACCCA 2200 

BamHI 
ATCCGGCTGACGGGGAGCCAGCAACGCTGAAAATTTACCCTCCTCTTTCCCACTAGCGGCTCCTTTTCCGACAACCAGCACGGCGGATCC 2290 

Figure 3.1.8) Nucleotide sequence of the insert of pSULIOO. Open reading frames (ORFs) 1 and 2 are the putative transposases OFR 1 and ORF 2 
previously identified by Corvec et aI., 2003; Segal ef aI., 2003. Right inverted repeat and putative ribosome binding site (RSS) are underlined with bold 
line and a thin line, respectively. The remaining 1345bp containing two open reading frame of sul2 gene and glmM gene (highlighted in turquoise and grey, 
respectively) are identical to the corresponding genes in the complete genome sequence of Shigellaflexneri serotype 2a strain 2457T (Accession No. AOE 
16986.1). The pink blocked sequence highlights the 21 bp upstream of the sul2 gene, which is identified on many plasmids, such as pGS05. The start 
codons are bold features with an arrow on top indicating the direction of transcription. The amino acid sequence of the sulphonamide resistant DHPS is 
presented under the nucleotide sequence of sui2 open reading frame and the stop codon (***) demarks the end of the translation. Nucleotide differences 
and deletions (-) are indicated on top of the respective nucleotide sequence. The numbers on the right hand side indicate nucleotide bases. Enzyme 
restriction sites are bold and underlined. The sequence has been deposited onto the EMBL database, (http://www.ncbi.nlm.nih.govIBLASTlBlast), with a 
GenBank Accession No. A Y823412. 
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TCTCTATATTCGCGGTTCAGCAGGCATGTCCCCTTTGAGGGCGACCCGACGACAGGATAATCGACCTTAT~TGCGCAAATATTTCGGCACAGACGGTAT 1900 

TCGTGGCAAAGCCAACGAAGGCGCGATGACGGCGGAAACCGCCTTGCGCGTCGGCATGGCGGCTGGCCGTGTCTTTCGTCGCGGTGACCACCGCCATCGT 2000 

GTCGTGATCGGCAAGGATACGCGCCTGTCGGGCTATATGCTTGAACCCGCGCTCACAGCCGGTTTCACCTCGATGGGCATGGACGTATTCCTTTTTGGCC 2100 

CGCTGCCGACAACGTATAGGAAGAATAAACGCCCTTTTCACCCAAGTCCAACAGCTTTGGACCGCAGTTGACTCTTTCGACACCCCTGCGATGCAACCCA 2200 

BamHI 
ATCCGGCTGACGGGGAGCCAGCAACGCTGAAAATTTACCCTCCTCTTTCCCACTAGCGGCTCCTTTTCCGACAACCAGCACGGCGGATCC 2290 

Figure 3.1.8) Nucleotide sequence of the insert of pSULIOO. Open reading frames (ORFs) I and 2 are the putative transposases OFR I and ORF 2 
previously identified by Corvec et aI., 2003; Segal ef aI., 2003. Right inverted repeat and putative ribosome binding site (RBS) are underlined with bold 
line and a thin line, respectively. The remaining 1345bp containing two open reading frame of sul2 gene and glmM gene (highlighted in turquoise and grey, 
respectively) are identical to the corresponding genes in the complete genome sequence of Shigellaflexneri serotype 2a strain 2457T (Accession No. AOE 
16986.1). The pink blocked sequence highlights the 21 bp upstream of the sul2 gene, which is identified on many plasmids, such as pGS05. The start 
codons are bold features with an arrow on top indicating the direction of transcription. The amino acid sequence of the sulphonamide resistant DHPS is 
presented under the nucleotide sequence of sul2 open reading frame and the stop codon (***) demarks the end of the translation. Nucleotide differences 
and deletions (-) are indicated on top of the respective nucleotide sequence. The numbers on the right hand side indicate nucleotide bases. Enzyme 
restriction sites are bold and underlined. The sequence has been deposited onto the EMBL database, (http://www.ncbi.nlm.nih.govIBLASTlBlast), with a 
GenBank Accession No. A Y823412. 
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8 
pSUL 100 (this study) 

pGS05 (M36657) 

R-plasmid (037825) 

pRSV1 (AJ289135) 
~ ISVs1 ~ mob ~ ppE ~G/mM ~ ISVs3 ~ ISVs1 ~ 

c 

Shigella flexneri 2a strain 
2457T (AE016986) 

pMS260 
(AJ514834) 

plE1130 
(AJ271879) 

pVM111 
(AJ514834) 

RSF1010 
(M28829) 

SXTMU10 (AY055428) 

Figure 3.2. Genetic environment of sul2. 

j strAB 

· 1 catlllA I + p 1 strAB 

L-_te_U_HJ_-t_et_R_--,I· + u ·1 strAB 

A) The genetic organization of sul2 on pSULIOO. A portion of ISAha_1 is depicted by a green rectangle 
and the inverted repeat (IR) by a striped square. Conserved 21 bp between IR and sul2 is depicted by 
"21 bp". ORFs are represented by block arrows and the noncoding sequence by a black bar. The yellow 
diamond represents a putative recombination site. HindIII & Bam HI-restriction enzyme sites, IS­
insertion sequence; sul2- sulphonamide resistance gene; glmM- phosophoglucose mutase. B) sul2-
glmM clusters. ORFs are indicated in coloured boxes. Non-coding sequences are represented in black 
bars. Accession numbers are shown in parentheses. mobC- mobilization protein gene C, ppE- putative 
protein E, tnpA '- truncated transposase. C) Genetic environment sul2 on various IncQ-like 
plasmids. Putative recombination sites are indicated by yellow and green diamonds. ORF of sul2 is 
represented by turquoise arrow and the other ORFs are indicated by rectangles. The dark black bar 
depicts the noncoding sequence identical to the corresponding sequence on pSUL I 00 and the dotted 
line represents nucleotides diverting from the pSULlOO sequence. repC- repressor protein C; strAB­
aminoglycoside resistance gene; catlllA- chloramphenicol resistance gene; tet(H)-tetR- tetracycline 
resistance genes. 
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"21 bp". ORFs are represented by block arrows and the noncoding sequence by a black bar. The yellow 
diamond represents a putative recombination site. HindIII & Bam HI-restriction enzyme sites, IS­
insertion sequence; sul2- sulphonamide resistance gene; glmM- phosophoglucose mutase. B) sul2-
glmM clusters. ORFs are indicated in coloured boxes. Non-coding sequences are represented in black 
bars. Accession numbers are shown in parentheses. mobC- mobilization protein gene C, ppE- putative 
protein E, InpA '- truncated transposase. C) Genetic environment sul2 on various IncQ-like 
plasmids. Putative recombination sites are indicated by yellow and green diamonds. ORF of sul2 is 
represented by turquoise arrow and the other ORFs are indicated by rectangles. The dark black bar 
depicts the noncoding sequence identical to the corresponding sequence on pSUL 1 00 and the dotted 
line represents nucleotides diverting from the pSULIOO sequence. repC- repressor protein C; strAB­
aminoglycoside resistance gene; catlllA- chloramphenicol resistance gene; tet(H)-tetR- tetracycline 
resistance genes. 
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D) 
TAGATGCAGAAGAAAGATTACATGTTTGCTTTAAAATAATCACAAGCATGATGAGCGCAAAGC 

CAP UP element 
ACTTTAAATGTGACTTGTTCCATTTTAGATATTTGTTTAAGATAAGATATAACTCATTGAGAT 

P7(lIs -35 : ..... .. ~1~.~ !9 ..........• 
GTGTct-TAGTATTCGTCGtTAGAAf:v\CAATTATTA:.~.~!?-.<;,~.r.l}u1Ij::AAt'GTTATCTATTT 

TTATCGTGTACAGAGATTATTATTATAGAAGCCCCCA~ 

Figure 4.1. Mapping of sul2 transcription start site of strain RAM by primer extension analysis. A) DNA 
sequence of template strand 78bp upstream of sul2 start codon, CAT. B) C sequencing reaction of strain RAM and 
the primer extension product (A) which was obtained mid exponential phase culture in the presence of 
sulfadimidine. C) C sequencing reaction of strain RAM and the primer extension product (B) which was obtained 
from stationary phase culture in the absence of sulfadimidine. D) Schematic representation of data shown in Band 
C on the nucleotide sequence (225bp) upstream sul2 initiation codon. Putative ribosome binding site is bold and 
the right inverted repeat is underlined . Transcription start sites (A & B) mapped to nucleotides (red) and the 
promoter sequence similar to Ea70 (red box). The Eas recognized sequence is in the dotted red box. The start 
codon of open reading frames (sul2 and transposase) are bold and italicised. Horizontal arrows indicate the 
direction of transcription. Yellow shaded boxes mark putative sequences of CAP (Segal el aI., 2003) and putative 
distal UP-element half-site (Germer el aI., 200 I). 
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D) 
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ACTTTAAATGTGACTTGTTCCATTTTAGATATTTGTTTAAGATAAGATATAACTCATTGAGAT 

P 70/S - 35 : .... .. ~lQ.o;;.~ !9 .......... . 
GTGTct-T.AGTATTCGTCGtTAGAA~CAATTATT~~~~~~I~IIXFAAt~GTTATCTATTT 

TTATCGTGTACAGAGATTATTATTATAGAAGCCCCCA~ 

Figure 4.1. Mapping of sul2 transcription start site of strain RAM by primer extension analysis_ A) DNA 
sequence of template strand 78bp upstream of sul2 start codon, CAT. B) C sequencing reaction of strain RAM and 
the primer extension product (A) which was obtained mid exponential phase culture in the presence of 
sulfadimidine. C) C sequencing reaction of strain RAM and the primer extension product (B) which was obtained 
from stationary phase culture in the absence of sulfadimidine. D) Schematic representation of data shown in Band 
C on the nucleotide sequence (225bp) upstream sul2 initiation codon. Putative ribosome binding site is bold and 
the right inverted repeat is underlined. Transcription start sites (A & B) mapped to nucleotides (red) and the 
promoter sequence similar to Ea70 (red box). The Eas recognized sequence is in the dotted red box. The start 
codon of open reading frames (sul2 and transposase) are bold and italicised. Horizontal arrows indicate the 
direction of transcription. Yellow shaded boxes mark putative sequences of CAP (Segal el aI., 2003) and putative 
distal UP-element half-site (Germer el at., 200 I). 
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Xmnl 2294 

Begl 2215 
Seal 2177 

Gsul 1784 

Cfr101 1779 

Eco31 I 1766 

Eam11051 1694 

Sspl 

APPENDIX 2 

Eco01091 2674 

Aatll 

pUC18/19 
2686 bp 

Ctll Aa:I 

BstAPI 179 

235 

Polyllnker Region 

._---Sapl 683 

At'"1. BspLU111 f 

1')17 

Psft 
t.lll'pUC.!IlQuercinQ ~ fcf13i1l Aoc,;IiI fal6Il Hi/cl 
prlioor(-2tl.17-mer ~ &xl" ~I KpnI Sma &rnH Xbii SaA /lsIJ'" Sdii PaeI Hildll~ 

5' GTTGTU.uCGACGGCCAGroA ATT CGAGCT CGG TAC C(x;GGG ATC CTCTllG AGT CGACCT GCAGGC ATG CAAGCT TGGCGT AATCATGGTCAT AGCTGTTTCCTG 3' 

3' CAACATTTTGCTGCCGGTCACT TAAGCT CGA GeC ATGGGC CCC TAG GAGATC TCA GeT GGACGT CCG TAC GTT CGAACCGCA TTAGTACC.l. GTA TCGACAAAGGAC 5' 

uu +-- Lal Val Vol ~ Leu Ser Asn Ser Ser Pro Val kg Pro Asp GkJ Leu Thr Ser Ng Cys Ala HIs Lal Ser Pro Thr lie r.let TIlr Met 

Source of information: 
http://www_fermentas.comltechinfo/nucleicacids/mappucl 819_htm 
GenBankiEMBL accession number L09137 

*'M-c:,31-'-pU-C:c-m-'II!-Ill3-Slq-ue-nci"g-:-

pr1mer(-~.17-mer 
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Xmnl 2294 
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Astll 

pUC18/19 
2686 bp 

arm Aa:l 

BstAPI 179 

235 

Polyllnker Region 

____ ---Sapl 683 

An"" BspLU111 f 

1')17 

Psft 
M11'pUC.!IlQuercinQ AjXJI fcfllill Aocf6I £l;dII1 Hi/cl 
primer (-2Q.17-mer ~ EiDIt ~I I(pnI Smii &rIIH Xbii SaA asp", Sdii PaeI Hildll "!2 

5' GTTGTUUCGACGGCCAGroA ATT CGAGCT CGG TACCCGGGG ATC CTCTllGAGT CGACCT GCAGGC ATGCAAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTG 3' 

3' CAACATTTTGCTGCCGGTCACT TAAGCT CGA GCC ATGGGC CCC TAG GAGATC TCA GCT GGA CGT CCG TAC GTT CGAACCGCA TTAGTACC.l. G'lA TCGACAAAGGAC 5' 

UU +- lei! Vill Val At! Leu Ser Asn Ser Ser Pro Val kO Pro Mp GIJ Leu Thr Ser kO Cys AID HIs lei! Ser Pro 1lY lie Met TIv Met 

Source of information: 
http://www.fermentas.com/techinfo/nucleicacids/mappucl 819_htm 
GenBankiEMBL accession number L09137 

*'M'C:131-:-pUC::c-re-'II!-r.B-9lQ-ue-ociY,J:-" 

pr1mer (-2e.17-mer 

82 




