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Genetic Variation in Pseudomonas aeruginosa
using Random Amplified Polymorphic DNA

Polymerase Chain Recation (RAPD-PCR)

Jin-Hee OH

Department d Industrial M icrobiology, Graduate School d Industry,

Pukyong National University

ABSTRACT

The Gram-negative bacterium, Pseudomonas aeruginosa, is a
life-threatening nosocomial pathogen, which is a leading cause of
mortality, particularly in  patients who  suffer  from burns,
immunosuppression, traumatic wounds and cystic fibrosis. This study was
focused on the molecular analysis of P. aeruginosa using Random
Amplified Polymorphic DNA-Polymerase Chain Recation (RAPD-PCR)
techniques in order to investigate genetic variation and establish strain
relatedness.

P. aeruginosa strains were isolated from 16 patients at P National
Hospital in Pusan from July to September in 2000 and analyzed for
biochemical characteristics using a biochemical test and a disk diffusion.
Also, genetic variation in P. aeruginosa was investigated by RAPD-PCR
techniques using a random 10-mer primer (OPA - 17).

The results showed that 16 P. aeruginosa strains were divided into



three classes (Class I, Class Il, Class Ill) in RAPD phenogram. A PCR
fragment of 482 bp that common in all RAPD profiles generated by 16
strains and a standard P. aeruginosa (ATCC 10145) was unique for P.
aeruginosa. Although RAPD-PCR profiles of E. coli and K. pneumonia
were similar to that of P. aeruginosa, the 482 bp fragment was not
dected from them. Therefore, the amplified fragment (482 bp) could be

applied for the tools of rapid diagnosis of P. aeruginosa.



(Pseudomonas aeruginosa)

3 5%)
3).

aeruginosa 16%

(1, 2).

Staplycoccus aureus

P. aeruginosa

(4).

aeruginosa

P. aeruginosa catheter
(12%) (5), (10%) (6), (8%) (7),
(30%) (8, 9)
P. aeruginosa

AIDS 50% (10).

cystic fibrosis P. aeruginosa

70- 80%

(12).

Escherichia coli genome

P. aeruginosas genome

46 mbp (millon base pairs)

6.3 mbp



(12). P. aeruginosa

P. aeruginosa
(phage typing, serologic typing, antibiogram typing, pyocin typing )
(13) (PEFG, AP-PCR, AFLP, RFLP)

RAPD-PCR (14, 15, 22).
P. aeruginosa PAO1l (12)

P. aeruginosa

PCR genome
10- nucleotides primer (OPA - 17, Operon)
DNA DNA profile RAPD-PCR
DNA , P. aeruginosa
band



2000 7 2000 9 P 16
P. aeruginosa 16 (Table 1). 16
10 6 13 74
. 16 5 (GS), 4 (NL), 2
(NSICU), 2 (TS), (0S),
(UR), (ER) 1 . 4 .8
(8N) 4 2 7 (7N) 2,
6 (6N), 6 (6S), 1
6 5 ,pus wound 4
1
P. aeruginosa KCTC 1750 (AT CC 10145)
P. aeruginosa
E. coli KCTC 2241
(AT CC 11775) P. aeruginosa (ventilator tube,

nebulizer, humidity)
K. pneumonia KCTC 2208 (AT CC 13883) 1 3 KIST



Table 1. The sources of specimens

Strain| sex/age | Unit/Ward Source of specimen
P1 M/53 NS/NSICU sputum
P2 M/ 19 TS/ 6S urine, catheter
P 3 M/ 44 OS/2N other

P 4 F/ 18 NL/ICU sputum
P5 F/ 13 GS/8N other

P 6 M/41 GS/ICU sputum

P 7 F/ 18 NL/ICU urine, catheter
P 8 M/ 29 GS/8N other

P9 M/ 45 GS/8N blood
P10 M/ 65 NL/7N urine
P11 F/74 NS/NSICU urine, catheter
P12 M/41 GS/8N other

P13 F/ 44 NL/7N urine, catheter
P14 M/ 40 TSICU sputum
P15 M/ 74 UR/6N urine
P16 F/73 ER sputum

GS: General Sugrery
TS: Thoracic Surgery

OS: Orthopedic Surgery

NL: Neurology

UR: Urology

ER: Emergency Room

NSICU: Neuroscience Intensive Care Unit

ICU: Intensive Care Unit

N: North ward

S: South ward




Blood Agar Plate (BAP) MacConkey agar 37
24 BAP B -hemoalysis
MacConkey agar colorless
Gram stain  Gram negative bacillus P. aeruginosa

(pyocyanin, fluorecein)

(16).

2-1) Oxidase test
Oxidase test Becton Dickinson plate (Oxidase reagent:
1% tetramethyl- p- phenylenediaminedihydrochlorid)  spot test
30 blue purple

2-2) Triple Sugar Iron (T SI)
BAP MacConkey agar Oxidase

(Non glucose fermented bacilli)

TSI (lactose 1%, sucrose 1%, dextrose 0.1%)
P. aeruginosa

slant/ butt



2-3) Disk Diffusion

3-5 4-5 ml
(Tryptic Soy Broth) 37 2-6
McFarland 05 (1.5x 10%) . 3-5
Muller Hiton agar
16- 18 (16). disks

amikacin (30 ), cefoperazone (75 ), ciprofloxacin (5 ), imipenem (10 ),
gentamicin (10 ), piperacillin (100 ), trimethoprim/ sulfamethoxazole (1.2523.75
), ticarcillin (75 ), tobramycin (10p g) 9
(27).



3. RAPD-PCR

RAPD-PCR genmoic DNA  Wizard Genmoic DNA
Purification Kit (Promega) . Arbitary primer 10
nucleotides Operon primer OPA-1 OPA-20
RAPD-PCR , OPA-17

RAPD-PCR primer . OPA - 17
5'-GACCGCTTGT -3 , GC content 60%
marker ladder marker (100bp) A - Hind digestion marker
PCR dNTP (25mM) 4 |, 10x PCR buffer 4

primer (20pmol) 1 , genomic DNA (10ng) 1 , Tag DNA polymerase (25

unit) 05 25
PCR Perkim Elmer 2400 denaturation I , 30 ,
annealing 35 , 30 , extension 72 ,1 20 35
72 7 . PCR 15% agarose gel
100 Volt, 30 EtBr 15

5 UV transilluminator



4. Similarity Analysis

RAPD-PCR PCR
band band
1 O data matrix . data
MV SP UPGMA
(Unweighted Pair-Group Method using Arithmetic average))
clustering program Jaccard's coefficient similarity matrix

phenogram

- 10 -



5. DNA Sequencing

uv RAPD-PCR band gel
band Nal Resin DNA ,
pGEM-T vector ligation . pGEM-T vector DNA
XL1-Blue X-ga IPTG LB plate
positive clone . Sequencing DNA Wizard DNA
perification kit plasmid DNA
DNA . ABI PRISM 310 automatic

sequencer (Perkin Elmer)
Plasmid DNA sequencing

terminator ready mix 8 , DNA 1 |, primer

3.2pmol 20 PCR

. denaturation 96 10 , annealing 50 5sec, extension
60 4sec cycle 25 , 3M sodium acetate (PH 46 or
52) 2 100% EtOH 50 -70 10
13,000r pm 10 70% EtOH washing

. 25 TSR (Template Suppression Reagant)
95 2
ABI PRISM 310 genetic analyzer

- 11 -



1. Oxidase

blood agar plate, MaConkey agar

16

slant/ Alkali butt)

aeruginosa

TSI test

P. aeruginosa

, oxidase test, TSI

oxidase test
oxidase

TSI

(T able 2).

- 12 -

blue

P. aeruginosa

deep

purple

. Oxidase test

K/IK (Alkali
P.



Table 2. The result of oxidase and T Sl tests of P. aeruginosa

specimen Oxidase TSI
P 1 purple K/K
P 2 deep blue K/ K"
P 3 purple K/K
P 4 deep purple K/K
P 5 purple K/K
P 6 purple K/ K"
P 7 purple K/K
P 8 purple K/K
P 9 blue K/K
P 10 purple” K/K
P 11 deep blue K/K
P 12 deep blue K/K
P 13 purple K/K
P 14 deep blue K/ K"
P 15 purple K/K
P 16 purple K/K
W: Weakly
K: Alkali

- 13 -



2. Disk diffusion

Disk diffusion test

Minimal Inhibitory Concentration
(MIC) ,

, P. aeruginosa

National Committee for Clinical Labortary Standards (NCCLS)
9 disk 16 resistant

amikacin (Rx< 14) 16 2 125%  resistant
tobramycin (R< 12 ) 3 18.75%, ciprofloxacin (R:< 15)
6 375%, cefoperazone (R 15) 4 25%, gentamycin
R= 12) 4 25%, imipenem (R< 13) 4 25%,
piperacillin (R< 17) 5 31.25%, ticacillin (Rx< 14) 4

25%, trimethoprim/ sulfamethoxazole (R:< 10) 15 93.75%

resistant (T able 3).

trimethoprim/ sulfamethoxazole resistants  90%
P. aeruginosa cephems cefoperazone
antipseudomonal penicillin piperacillin 25%

31.25% . Aminoglycoside gentamycin

- 14 -



tobramycin gentamycin  Serratia , tobramycin
P. aeruginosa
P. aeruginosa tobramycin  gentamycin
Aminoglycoside
gentamycin  tobramycin
amikacin  resistant = 12.5%

16 3 (3, 10, 13 ) 1

- 15 -



T able 3. Antibiotic susceptibility of 16 strains

Strain Antibiotic suscepitibility pattern

A

number | A TBA | CIP |CFZ|GEN|IPM |SXT | PIP

0
>

P1 S

Py
n

P2

P3

P4

P5

n i n nl o 0wn

P 6

nin nlann

P 7

P 8

P9

0 n 0 n v n 0
o nununnnuun 0 wn|0

PYRNO RN

P10

P11

P12

P13

n nln

P14

P15

WiV ITNOnIT OO nnnn onl
N unn i nlAT OO n0AO N
NninndnlInunnn nnu n|0 00V
/X0 0V X0V 0V 00V OD VD NV|OD O 0O 0D
Nninnann I n 0T N0 nnon n

n ni n 0 n
n ni n 0 n

P16

nnnldn 00 nwnm

Abbreviations: AMK, amikacin; TBA, tobramycin; CIP, ciprofloxacin;
CFZ, ceoperazone; GEN, gentamycin; IMP, imipenem;
PPA, piperacillin; SXT, trimethoprim/ sulfamethoxazole;
TCA, ticacillin

[, Intermediate; S, Susceptible; R, Resistant.

- 16 -




3. RAPD-PCR

P. aeruginosa genomic DNA
, OPA-17  primer RAPD-PCR
(Figure 1). P. aeruginosa ATCC 10145

16 RAPD profile
500 bp band
E. coli K.
pneumonia 500 bp band
500 bp band P. aeruginosa

band

- 17 -



6.5kb
4.3kb

2.3kb
2.0kb
1.0kb

500bp

Fig 1.

M: M2 1 23 4 5 6 7 8 9 10111213 141516 E P K

RAPD profile of genomic DNAs from P. aeruginosa and
others using OPA-17 primer.

Lane M 1; 100 bp DNA marker, Lane M 2; Lambda Hid Ill digestion
marker, Lanse 3 18; P. aeruginosa strains, Lane 19; E. coli ATCC
11775, Lane 20; P. aeruginosa ATCC 10145, Lane 21; K. pneumonia
ATCC 13883

- 18 -



4. Similarity Analysis

Similarity matrix Jaccard's
coefficent 0.1 1.00
class (Table
4, 5).
RAPD phenogram band 17 (P.
aeruginosa AT CC 10145 ) Class ,
(Fig 2). Class P3 P4
Class P13 P8 1.000 P13 7
, P8 8
. Class P11 P7 1.000
P11 P7
1.00
Class P12 P9 8
P12, 9 disk diffusion 9
disk (trimethporim/ sulfamethoxazole)
, 1.000
Table 6 17 (P. aeruginosa AT CC 10145 ) ,
RAPD
class
P. aeruginosa ( ,

- 19 -
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Table 4. Similarity matrix based on Jaccard's cofficient of 17

P. aeruginosa strains

P P B B B B P B B PO Pl PR PB P4 P6 P6 PIY

P2 033

P4| 033
P5| Q¥8 o 0B 100

0% 0¥8 QB 14D

0 I (2D 06¥ 10D

020 020 X 0B 04D 1D

0¥8 Q8 074 06y QF5 10D

2 03B G8 BOED &y (383 10D

0 2D (2D 06¥ 10D 04D 06y Q5D 14D

0% 0¥8 QB 074 6y QB 100 Q3B 06¥ 10D

20 (20 QXD 0 (4D 10D B 06y 4D OB 10D

02 03B 03B (B0 (2 043 03B (2D 0¥3 (QZD 10D

0Z) 0D QiD O¥8 Qi (02 (O¥8 QD D Q¥3 (X QdD 10D

038 (D Oy (22 0B 06D (35 04D B (035 (6D Q%7 QY 10D
0338 038 08 QD Qdy QX8 03B (2D 03 (6v O3B O3B (4D 14D

P8| Q15
P9 | 033
Q13

033
(0129)
033

SEEEEEEEEERERES
z

IFREBVES
8

(017%¢]

17 P. aawgirosm ATCC 106
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Table 5. Similarity matrix based on Jaccard's

P. aeruginosa strains.

Node | Group 1 Group 2 |Similarity igbé?gt;
1 P11 P 7 1.000 2
2 P13 P 8 1.000 2
3 P12 P9 1.000 2
4 Node 3 P 6 0.714 3
5 P 3 P4 0.667 2
6 Node 1 Node 4 0.667 5
7 Node 2 P10 0.667 3
8 Node 7 P17 0.556 4
9 P16 Node 8 0.500 5
10 P 2 P14 0.333 2
11 Node 10 P1 0.333 3
12 Node 6 Node 9 0.307 10
13 Node 5 Node 11 0.298 5
14 Node 13 P5 0.279 6
15 Node 14 Node 12 0.237 16
16 Node 15 P15 0.105 7

- 22 -

cofficient of 16




UPGMA

E1q
P1

P5
P14
P1€g
pl7
il P1(
(P18
| PB
(P11
1P7
FB
(P12
1 P9

0.04 0.2 0.36 0.52 0.68 0.84 1

Jaccard's Coefficient

Fig 2. RAPD phenogram of P. aeruginosa strains

- 23 -

Group

Class

| P3
I P4
P2

Class

Class




T able 6.

RAPD typing

of P. aeruginosa strains

strain sample source unit/ward RAPD type
P1 sputum NS/NSICU class
P 2 urine, catheter TS/6S class
P 3 other OS/2N class
P 4 sputum NL/I1CU class
P5 other GS/8N class
P6 sputum GS/ICU class
P7 urine, catheter NL/ICU class
P8 other GS/8N class
P9 blood GS/8N class
P10 urine, NL/7N class
P11 urine, catheter NS/NSICU class
P12 other GS/8N class
P13 urine, catheter NL/7N class
P14 sputum TS/ICU class
P15 urine, UR/ 6N -
P16 sputum ER class
P17 ATCC 10145 ATCC 10145 class

GS: General Sugrery NL: Neurology

TS: Thoracic Surgery OS: Orthopedic Surgery d
UR: Urology ER: Emergency Room
ICU: Intensive Care Unit

NSICU: Neuroscience Intensive Care Unit,

N: North ward S: South ward

- 24 -



5. Sequence Analysis

P. aeruginosa AT CC 10145 17 RAPD profile
500 bp band
E. coli K. pneumonia 500
bp band . P. aeruginosa
500 bp band P. aeruginosa genomic DNA
OPA- 17 P. aeruginosa DNA P.
aeruginosa OPA-17 primer RAPD-PCR
, 500 bp band
P. aeruginosa (strain Ps388) exotoxin A gene
5' end 482 bp (Fig 3, 4).
P. aeruginosa  colonization pyocyanin, exotoxin A, exoenzyme S,

proteases (alkaline protease, elastase, LasA protease), hemalysins
(phospholipase C, rhamnolipid)

tissue damage,

bloodstream invasion, dissemination (18).
2 extracellular protein toxin
exoenzyme S exotoxin A . exoenzyme S exotoxin A
toxin P. aeruginosa

(19). Diphtheria toxin
exotoxin A toxin P. aeruginosa
local systemic disease (20), immunosuppression (21)
482 bp band exotoxin A
16 P. aeruginosa

exotoxin A ,

- 25 -
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5
gaccgctt gt
cacccaggct
tgct ggaggg
t ggt gcaaga
cggett gt ac
tcgat ctcce
gt caacgccc
t ggacgaat c

gt acct cccc

agagt t gaag

t caccgatct cttccgecgt acgggt aagg
ggtaatcttc ttctgattca gcagtagttt
cgtttccaac gatggtcaga ctgcggttga
ttctttgccg gaccaagagc ggcat cagcc
cgacgcctca agttttttct cggcatctcg
tgcgtttttc tttaacctga agaggaacat
agat cagcat aactttcaaa ctcttgccag
caagccgt gc tctataggt ¢ tggcaat ggg
cagggccgt a at aaacgt ct ccgcett geeg
t ggat aaggt caacaagcgg tc

-—
3

aaattctttg
ttgattcttt
t gacgt ccaa
ttat ccagct
gaact gaagc
agcgt ct ggg
ccattttcag
gccaat geccg

t gacagt t gt

100
150
200
250
300
350
400
450
482

Fig 3. The nucleotide sequence of P. aeruginosa RAPD-PCR

fragment.
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length = 2589 Identities = 478/482 (99%)
Query :

Shjct :

Query:

Shjct :

Query:

Shjct :

Query :

Shjct :

Query :

Shjct :

Query :

Shjct :

Query :

Shjct :

Query :

Shjct :

1

62

1024

122

1084

182

1144

242

1204

302

1264

362

1324

422

1384

gaccgcttgttcaccgatctcttccgecgt acgggt aaggaaattctttgcacccaggetg
FEPETETErErer et et et et e e e e e e e e e e e e e e e e e e

caccgcttgttcaccgatctcttccgeegt acgggt aaggaaattctttgcacccaggetg

gtaatcttcttctgattcagcagtagtttttgattcttttget ggagggegtttccaacg

FEEEEEEEEEE e e e e e e e e e e e e e e e e e
gtaatcttcttctgattcagcagtagtttttgattcttttgect ggagggegttt ccaacg

at ggt cagact gcggtt gat gacgt ccaat ggt gcaagattcttt gccggaccaagagcg

FEPEEETErEr et et et et et e e e e e et e e e e e e e e e e
at ggt cagact gcggtt gat gacgt ccaat ggt gcaagattcttt gccggaccaagagcg

gcatcagcctt at ccaget cggett gt accgacgect caagttttttctcggeatctcgg

gcatcagccttat ccaget cggett gt accgacgect caagttttttctcggeatctcgg

aact gaagctcgatctccctgegtttttctttaacct gaagaggaacat agcgt ct gggg

FEPEEETErerer et et et e e e e e e e e e e e e e e e e e e
aact gaagctcgatctccctgegtttttctttaacct gaagaggaacat agcgt ct gggg

t caacgcccagat cagcat aact tt caaact cttgccagecattttcagt ggacgaatcce

tcaacgcccagat cagcat aact tt caaact cttgccagecattttcagt ggacgaatcce

aagccgt gctct at aggt ct ggcaat ggggccaat geceggt acct cccccagggecgt aa

aagccgt gctct at aggt ct ggcaat ggggccaat geceggt acct cccccagggecgt aa

t aaacgt ctccgett gccgt gacagtt gt agagt t gaagt ggat aaggt caacaagcggt c

FEPERETErErer e et et ee et e e e e e e e e e Frer
t aaacgt ctccgett gccgt aacagtt gt agagt t gaagt ggat aaggt cagcaat gggt ¢

Strand = Plus / Plus

61

1023

121

1083

181

1143

241

1203

1383

482

1444

Fig 4. Comparisons of the nucleotide sequence of P. aeruginosa toxin

A gene (Sbjct) and RAPD-PCR fragment (Query).



1890 P. aeruginosa

P. aeruginosa

Kerr ICU P. aeruginosa
26- oligonucleotide RAPD-PCR
(14) :
, RAPD-PCR
band

RAPD-PCR P. aeruginosa
primer (OPA - 17)

OPA-17 primer RAPD-PCR

, P. aeruginosa 17 (
P. aeruginosa AT CC 10145 ) RAPD prdfile 482 bp
band . E. coli,
K. pneumonia band 482 bp
PCR band P. aeruginosa band
band 482 bp exotoxin A gene
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16 exotoxin A 16

P. aeruginosa

OPA-17 primer RAPD-PCR
aeruginosa
Jaccard's coefficent RAPD phenogram
17 Class , . Class P3 P4
16
. Class P13 P8 P13 7
, P8 8 1.000
Class P11 P7 1.000
. P11
P7 . Class P12 P9
1.000 8
P12, 9 disk diffusion 9 disk

(trim/ sulfa)

Class
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RAPD-PCR

P. aeruginosa

P. aeruginosa

16

aeruginosa

aeruginosa

A gene

RAPD profile

5I

class

end

P. aeruginosa

P

OPA - 17 primer

class ,

class

482 bp

- 31 -

2000 7 9

RAPD-PCR

(class , class , class )

4 , 2
. P. aeruginosa

P.
exotoxin

P. aeruginosa
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