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Identification of Pseudomonas Aeruginosa Iso-
lated from Burn Patients by Nested Polyme-
rase Chain Reaction

— Special reference to comparison with conventional blood
culture —

Min-Gyun Im, M.D., Dong-Kun Kim, M.D., Jung-Jin Kim,
M.D., Jong-Hyun Kim, M.D., Lee-Soo Kim, M.D., Young-
Min Woo, M.D., Sung-Kim, M.D., Dai-Won Yoon, M.D. and
Chang-Sig Choi, M.D.

Purpose: Pseudomonas aeruginosa has emerged as one of
the most problematic bacteria in modern hospital settings,
and this organism is increasingly isolated as a nosocomial
pathogen. Burn patients are particularly susceptible to Pseudo-
monas infection. Therefore, the accurate and sensitive mi-
crobiologic tests are needed for strict management of this
prevalent microorganism.

Methods: A nested polymerase chain reaction test based
on consecutive amplification of the lipoprotein genes, oprL
and oprl, was designed and evaluated, in comparison with
the conventional blood culture, for its ability to detect
Pseudomonas aeruginosa in clinical materials of burn pa-
tients.

Results: Positive results of PCR based on oprL gene were
observed only for Pseudomonas aeruginosa. All other bac-
teria (n=4) tested by this amplification method were negative.
Also the lowest detection level was 1% 10" bacteria per ml
of blood samples. In addition, PCR afforded a significantly
higher detection rate for Pseudomonas aeruginosa than the
conventional blood culture technique in clinical materials of
burn patients (25.9% vs. 8.6%).

Conclusion: This study suggests that the nested PCR
technique is highly specific and sensitive test for detection
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of Pseudomonas aeruginosa, and therefore it may be a
useful adjunct tool, in combination with other conventional
techniques, for detection of Pseudomonas aeruginosa in-
fection. (J Korean Surg Soc 2001;60:16-22)
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1) 2N x5 & Y H

1998y 5YFE 1999 44744 skglofeta ooyt
AN HHAE Sk dsid B F
1) e kg 1208] o)4) 2) Bk B 203 ol 3)
Al 38.5°C o4, el ¥ T 12,000/mm’ o] 4l 3}
Aol Augg 24 308 Ao 23)o AH 247 6 ml
A RFAoz At 5 me B4 WHer 37
A wjekS Aedsin U A 1 mle EDTA-bottleo]] Tho}
g2t 5, " 455 eppendorf tubeo]] F-F3}o]
—20°Cel] W5 K3}t

2) Y2 ZFE{2] DNA E2]

YE i AEF 025 mle B &5% eppendorf
tubeol] W3 Tri reagent BD (Molecular Research Center,
Inc., Cat. No: TR-118) 0.75 ml& &3}lslo] £E x| A=l
& AlAsG . 100% ethanol 0.4 mlE & 7}s}o] 2,000 goll
Al 57 A4 Eelste] A NS HE & ol pelletel]
0.25 mle] DNAzol (Molecular Research Center, Inc., Cat.
No: DN-127)& #7}s}o] pelletg Salsldt). o]o] 4]

100% ethanol 0.2 mlE- X 7}gk 5 ALol|A] 2~587F F9)
b 2,000 gollA 3E7F 94 EElsksich A E DNA
pelletS 95% ethanol 1 mlE F+ ¥ AlFslar Y4 Hel
% ol DNA pellet2 8 mM NaOH 0.025 mlol] £3}3}
ST F FHEAE A4iE-3-9] template DNAR AH-g-3}
7] S18ke] —20°Cell WE Hsiict.

3) ZFZFEQ DNA 22|

£t

SHgstate] MR EERE AFske] wiekst Pseudomo-
nas aeruginosa F5} Acinetobacter T3+, Enterobactor T+
ZF, Klebsiella 737, Staphylococcal #37, E. coli 55 )
Aelstel ] Aol Susct olF 7A7te] FEE
4dA vlEE A 5 47 025 mlg Tri reagent BD
(Molecular research center, inc., Cat. No: TR-118) 0.75 ml&
T3 5 527 A A4k ol7le] 02 ml chlo-
roformg Z7bsto] 1522 FF 42 F 1027 A2l WA
3k 5] 4°CollA] 12,000 g2 1537 A4 el F A AS
W23 100% ethanol 0.3 ml-g& d7}slo] E3hslgich ohA
2,000 gollAl 5E7F A4 Eelste] A NE wela DNA
pellet-g& ¢33t} DNA pellet-g 1 ml2] 0.1 M sodium citrate
in 10% ethanol® 3087}, 2 ml 75% ethanol® 5 ¥ A=A
3l & od2 DNA pelletg& 0.5 ml®] 8 mM NaOHE £33+
5 12,000 g, 4°C, 537 G4 Heleto] AR ALLstol
HEPES Slyalos pHE wax ZdHas olahige]
template DNAZ o] 83}7] ¢ste] —20°Cel] W% H3}
et

VS

Nested F3ta 4 Afur-2S 9ol Z+2+2]  primer
(Pharmacia-Biotech) PAL1, PAL2 3 PAL3, PAL4E A8}
Slewl Aol g7 Mg e ohest 2ok

PAL1, 5’-ATGGAAATGCTGAAATTCGGC-3’ (a 21-mer
corresponding to the beginning of the open reading frame of

%

4 oy

=
olo

oprL)

PAL2, 5’-CTTCTTCAGCTCGACGCGACG-3’ (a 21-mer
corresponding to the end of the open reading frame of oprL)

PAL3, 5’-CGACCCGAACGCAGGCTATG-3’

PAL4, 5’-CGACCGGACGCTCTTTACCA-3’

Z$a 4 AsMk-S  thermocyclert= PERKIN ELMER
DNA Thermal Cycler 2400-& Ab-&3l9iom Zstg 4oy
HF-2-2- primer mix (0.5 ©M2] PALI, PAL2) 10 x1 template
DNA 10 yl, Taq DNA polymerase 2.5 U, dNTP 250 pM,
Tris-HC1 (pH 9.0) 10 mM, KCI 40 mM, MgCl, 1.5 mME
=38t WA E DEPC watergs o], 50 plg whHEo
A&ttt ZF A7 programe denaturation 94°C, 40
2%, annealing 55°C, 402%, extension 72°C, 402%, final ex-
tension 72°C, 727} 25 cycles A|#8}-9 2™, nested F¢+4
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4 QAafRbe2 Al X AL AfuESellA] dofAl A
2% 50 plol|A] 10 pl AE3}= A7} primerE primer mix
0.5 uM2] PAL3, PAL4) 10 pl& A&sle= 7 ol Qo+
Al 1} B dehbe s FU 2404 Al
T3 3 dHo 2 HE] o]zl F3H% DNAS} markerE
Z+ZF 10 p1# 1.5% TAE-agarose gelol]l loadinggt ¥ 1.5%
TAE bufferd] @7} 3~5 V/em (100 V, 605 & A 7] =&
A 88} 3L ethidium bromide (Ultra Pure, Cat. No: 155582-026)
2 A3l 5] UV transilluminatorE o] £-3}o] AR AL
% 506 bp (first PCR for oprL), 335 bp (nested PCR for
oprL) 3 249 bp (PCR for oprDQ] W& &Qls}girt.

5) 5529 2N AE M
=

Agar plhieZHE] Q1€ H5EE Y MG H A
%] spectrophotometers o] -£-}-od optical density (¢]s} O.D.
2 ofA) k& FAske 3, S5ET A HE WET] Wl
Aol A 2427k F<F 37°Coll A A Elste] YA A=
F(colony)& Al%=3ke] OD. gkt colony F-ske] AFBAS
2 Fa3ch ololAl o 4% AFE oL, Qlol YRR
ZALe] HETdoRRE DNAE 3, 943 v &2 34
skock ol & 4AT vl &R 34H DNAE ol &, THA
4 A3 S Aldste] 7% 73k DNAS| 4] § %

2
o X
ey oo Jff

e

e
e
et -y

N

P

o

—i.é

o L
2 olo o2
Sk off

offt o
ox
g
(o]
2 of
=
(o]
2,
2
)
dir
ol
ey
o,

2
=
ox
lo o
[
of\
oo O
fot
B
e
2
23
o ole

9
fr
F
et

rir o et

b e
o o
Jok
0,
of,
32

o
©
2
2
1o,
ox
JN

2,
>
N2,

o of)

Q_l:

f, fo

N

o

2l p
ReIge)
olo o
oL
o
o

fo
sk
.y
off 1
Mo

N
T =

o
O

-

32

S e

1) oM

Wy =
H #e

L84 =
monas aeruginosacl] 3 HE = 335 bpol|A 2 w & eld
T AR W (Fig. 1, 2), 3 At A wldsl A HEE
+ E. coli, Acinetobacter 3+, Staphylococci 75 B Kle-
bsiella ol A= W& Q13 4 gl ch(Fig. 3).
oy wlof A0l B4 FR2E T2 T 7}

7 ol HAZF 9 on, o1 t}Eo] Pseudomonas aeruginosa

solgiet.
1 AR Zoel JAHAY 819 4 Bl

506 bp —

Fig. 1. PCR amplified products from various concentration of
Pseudomonas aeruginosa DNA. 1. 248 ng/ 1, 2. 24.8
ng/ x1, 3. 2.48 ng/ pl: primary PCR; 4. 248 ng/ 11, 5.
24.8 ngfpl, 6. 2.48 ng/ pl: nested PCR. M: marker
(1kb), N: negative control.

506 bp —»

Fig. 2. Nested PCR amplified products from samples (DNA
extracted from blood samples). 1. Pseudomonas aeru-
ginosa, positive control, 2. blood culture-positive blood
sample, 3. Pseudomonas innoculated blood sample, 4.
blood culture-negative blood sample, 5. negative con-
trol, M: marker (1 kb).
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Fig. 3. Nested PCR amplified products from bacterial DNA. Ps.
Pseudomonas aeruginosa; Ac. Acinetobacter baumanii; E.
E. coli; Kl. Klebsiella spp.; St. Staphylococcus spp.

Table 1. Identification of microorganisms in 81 patients with burn

No. of sample

Microorganism

Blood culture Nested PCR

S. aureus

P. aeruginosa 21
A. baumanii

Enterococcus spp.

i\ \S RN BN |

Klebsiella spp.

Total 19 21

2) 53T AN AHAE N

B3t 535 A (spectrophotometer) & o] 838+ Ex=7F 1% 10°
Zl/ml, 2% 10°70/ml 2 3 x 10°7)/mle] 0.DZF2 7+7F 0.108,

0.184 3 02168 =A% 9o, o] wje] DNAS Z7
0.604 g/ 1], 0.650 pg/ 1l 3 0850 pgl plo g Fo| =%
o} OD. gate] ABAITE Y (Aol #9 M5/ml) =
—0.078+12.65X (0.D.Z3h)o| e R=0.94%] c}(Fig. 4).

oA T8 FRASE o §3to] WE 27 1x 10,
33109 2 5x 10708 H5Fe QAR v A%
Z] DNAE 23319131 o]E nested @' & dAsfureg
ol gelo] DNAS ZEA|7] & Boldh el A4 A%
M+ 1 mlg 1< 107093 cHFig. 5).
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Fig. 4. The linear correlation between absorbance and viable cell
number. Correlation coefficient; y=—0.0078+12.65 X
R=0.94.

506 bp —»

Fig. 5. Nested PCR amplified products from samples. (count of
Pseudomonas aeruginosa per ml) 1. 1X 1037H/m1, 2. 1%
10°7l/ml, 3. 1 10'7/ml, 4. 1% 10°7)/ml, 5. 1% 10~ '7}/ml,
6. 110 *7l/ml, M. marker (1 kb).

| &

=& (Psecudomonas  aeruginosa) M 7] 5o HolZl
MANA =2 FHETS ALES Yeble 34 497
© 2 (5,6) £3] corticosteroid, T AA A, F- NEEZA]
kA (cytotoxic drug) 5-2] 4 I3 AHE, 94;]—79 sz
I3k wro] 75 A3l L5 F4aF(neutropenia), ¢4 A
5 (cystic fibrosis)¥Aht F5 4 3kxtell A 713] 744l
= 42 dogle o' gEA YUh(D) B3 S Al

oet A4 ghfel] o3 Al F34 B 5 A A
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o] wistel] ojsto] UAnt FtAlell I WA S 7HAA =
W ATAE AES 5 ke dHA Qo] HET #
ol 3t X5 w3k 47 b2 AR ol Fsdell o3t
713 A& AR Foly] S AFetas A
e F5To] Aol AdyE ofok sl o] & skl HA

=E Ak v o g AE v 9| antigenic determinant
£ 0|83l 39131 " (serotyping or biotyping) 0. Z Fro] o]
£5]o] go1}(8) EH ZH(discriminatory powen)d} AHA
(reproducibility)o] =A] E3F Ao g Ld#x gon, 1 9
A3 Az, E4aE FAsE YHeE vhe
A2 249, mol A, counterimmunelectrophoresis,
FAE =4 AAYH 9 bt WAt o] deA
gort o5 HAAY GA A ATro] Wl £9Ev F
F3hEo] 9A ga RZET}L Yol I Aol W Al
g W giek9)

au HZ FolA = Alde] 7HAE e ik o
&3 o4y 74 EAAETH A4 714, & 1A
H (genotyping)& AH&3F ZAAZIHel A4 AT FF
= wlojuh ql 4 uAES Fopoll AAA R F&E]7] A
shmiAl 7o) Ak Wlo] e WS B 4 9)

Aoz Aol Seh10) of Mol Zehen =y
, AlRE BAaE AHESE AR, ] 23 (ribotyping),
Zotg A dafuk-esd, ze|a pulsed field gel electro-
phoresis (PFGE) 5 & & Arh(l1) B3k HZell= 5
Fo) AES] o ARkl $HUAAE o] 43k 3027, o
o, Folg ol§a FHLL Sl o2 AAHol
vhest 9eh(12)

FTHEE Afub3olgt i F59 DNAo| g+
54 FSloll f=A|(primen 7} A& st 2 BE
STHFAI= Bl ol#idk FEAZE ARET] A
= ol FFo} FEH e 9 WHE 937] 4 % (consen-
sus repeats), A FEo] F ¢ 7|44 (random
sequence), 2 gk AAA] Hell ojg] M7t A= 54 <
7] 41 4 (motif sequence)®] Al 7FAZ 52 F Qlk o] A
= o] &3t FHol= 499 VMGl ARste] F
3} random amplification of polymorphic DNA (RAPD),
tRNA operaon F-91 5 FFslA, o] = 574 ghild 3 A
Asle FAA 58 FFHse W, 2ol infrequent
restriction sitt PCR (IRS-PCR) 5o] gt} o] Zgta4 of
ARl e 1 AL WES D e 2l 91Y
s} EE87} b4 9 Zlol wHlolw A9 DNA 9 §
%A, Taq polymerase?] &, A3 gAY 2% 52 24
3} PCR 7]E7ke] Apo] o] A Aol RIZSIA F3F
< uld F ooke Aol TAFE 283 F k. B
w3 glent ohE WHYERY WHES AU &
Faka A ko] AA| Al b FFF A A

e 2

2 AdollA e Ax oo AA el g D ste A2
E o]&ato] FHEL Ab-SE Al Ao o] Ax
olet A w2 F G272k T2 A4S 3k o]Zlo]
Al theto] AFAE 7HAH A ofute] F3A4 3}
A 22E AE droz WEle Alzged 7]ofsta
TFuiet SelHe JHAa vy FEud HAE AA
) FAAAE oprl Gl oprLe] S THAR, o|F oprl=
HETAed A8 B EAste ¥, oprLe: Pseudomo-
nas aeruginosadl|tt Eoldo g Zxsta ot LA
Ak o] F 7HA {FAJAE o] &3 THAE A
o8 o §5-F AFshel o] &3 vl 9lom,(i3)
=gl Pseudomonas aeruginosa®] oprL -§-7AQ1%7) & §
AR ks Ro] A Sol 57} %2 7
214 deh(149)

2 ARARE oprl FRA el &3 47Me] F=A (pri-
men)E A8l om oprl FH AR od 7] A < (medline
97321009) the-3} 7btt.

1  tcgececagtg ttgegeccaa tggeaccatg ctaatacgec
acccgecage aggaccggge

61  gtgctgatge tegtatcctc aacggacgeg tacggatace

tctcecctac cgetcaggge

121  gatgtgegeg agcectteetg gtceccttac ctgaactgac

ggtcgeeaac ggttacaaac

181 ttatacactg gggttcatta ggagttacat

gatggaaatg ctgaaattcg gcaaatttgc
PAL1

241  tgegetgget ctggecatgg ctgtggetgt gggttgetee
tccaagggeg gegatgette
301  cggtgaaggt gccaatggeg
gegtegacee gaacgeagge tatggegeca acageggtgc
PAL3
361 cgttgacgge agectgageg acgaageege tetgegtgeg

atcaccacct tctacttcga

421  gtacgacagc tccgacctga agccggaage catgegeget
ctggacgtac acgcgaaaga

481  cctgaaaggc agcggtcagc gegtagtget ggaaggecac
accgacgaac gcggeacccg

541  cgagtacaac atggctctgg gcgagegteg tgccaaggee
gttcageget acctggtget

601  gcagggcgtt tcgeeggeea cgetggaact
ggtttcctat ggtaaagage gtceggtege

PALA4
661 taccggccac gacgagcagt cctgggctca

gaaccgtcge gtcgagetga agaagtaaga
PAL2
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721  agtcgttatg cccaagcacc tgegtgteet gacgttecte
gegctcagee tgecattage

781  ggccagggeg gaagttectg tgtatgacgg cgttgeegec
aacaatggcg gcaacgttce

841 tccttccggg tatggeacgg caggtgecgg cggegecttt
accggaggtg gggtgacaac

901  ccccacctee gtgecagggeg aactgttcat geagcetccag
cagatgcagg acgagttggc

961 tcgectgegt ggeacgetcg agegagaggt tgeccgeatg
gettcggttt ggcagaggee

1021  tgcggggage cgctgtaatc caccttee

12 F8¢E 4 od2Hl-22 PALL PAL2 GEA|E o] 83}
Ao nested F3F A AHHSLS PAL3, PAL4 FEA|E
o]}t

AubH © & nested F3H A Ak 7S 1078717
o] DNA T%& T2 o224 A4 1~10712] DNA
AdE 8Ql 7 b opyeh(5) 2~ AR AT
o] HAEE 7besicta deivh(16) FE3F Miyazakis(17)of]
oslwl A FA A nested TP EALQAMNNSE AlEY
3k A-Solle single TEAAL Asful-gol vlsl RIZFE7}
1,000} F7bsteka shgieh. e bRl =710l A
= & o] Fo]AA] ¢kom hot startL} nested FEE A o4
b AlBEs 7ol sligEekar &gict B AedlA e
1x 1070 F2] AF7AA #9 BAo] 7hsslglon, do
FTHEL Adib-SAl AR =27 UdFH o A2 5

T SAE 7hsslelela gckEch ARk o g dxb
FTHHEL QS HAAell L9E = AZEE 2417 W9
2, B dFdA = A THEL Aslinb-3oll 247 30
AE7F £2¥ o™ nested THAL Asfubs Al 2417
308 AE7) o 4959k

3k FEA AN duk vk AAH el vl
of H|H Bo|%v} =3 o T B, FAl AL
3l auxotrophic #lo]ol] &J3t 7ol = o] FAHo| 753}
o B Qledlis) & A7l e 12 Ad Al
Klebsiella =0l 4] A o] gkt vHa
Ao 2 ihghrt. o]9} Fro] ik &
DNAS9| @¢dof 98t Z1o & o] Al wokelr}
Foo] ks e AR R B 7 F
T ol o3t wistolgla sekEw, Kwoks (19l ofshw
2> A sHH Ve A8A 95 s A
dojupA] gk sgivk 3 EA m g A lA =
ol o FEL Ak E S e
7heAdel Vg o ot B adFollAE Kol kot
dub o g F4AQ EA wiekel o3t AT A= Al
v THHEL A 2R Hlste] FoiF o
o], Alexanderg(20) GTAlE AHFHoE Folik
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